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D* G. Srantey Hatt, the founder and for eight years the 
sole responsible editor of THz AMERICAN JOURNAL OF 
PsycHo.oey, died at his home in Worcester on April 24th in 
his seventy-ninth year. His death, in spite of his retirement 
from the presidency of Clark University four years ago, removes 
the most conspicuous figure in American psychology: witness his 
election last winter for a second time as President of the Ameri- 
can Psychological Association. 

The main events of his life may be briefly stated. He was 
born of old New England stock and spent his boyhood on a 
farm in western Massachusetts. His parents had secured some- 
thing better than a common school education, and had both 
taught school. After fitting at Williston Seminary, he entered 
Williams College with an indefinite purpose of fitting himself for 
the ministry, and graduated in 1867 with Phi Beta Kappa rank 
and other honors. The next year he spent in Union Theological 
Seminary, finding himself, as time passed, in lessening sym- 
pathy with current orthodoxy and yet not seeing his way clear 
to any other calling. Most of the next three years (1868-1871) 
he spent in study in Germany, going over on borrowed money, 
secured through the friendship of Henry Ward Beecher. Fora 
short time after the outbreak of the Franco-Prussian War he 
served also as a war-correspondent. His taste of university life 
in these years determined him definitely against the ministry 
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and in favor of an academic career; but on his return to the 
United States he found it impossible, on account of his hetero- 
doxy and his supposed Teutonization, to secure a teaching posi- 
tion even in a state university, and was compelled to fall back 
once more on Union Seminary, where he took the B. D. in 1871. 
For a few weeks he was in charge of a mission church in Penn- 
sylvania, but gladly gave it over to become a private tutor in 
the family of Jesse Seligman of New York. A year later came 
his first real academic opportunity, a chair of English Literature 
in Antioch College, Ohio. At Antioch he remained four years, 
exchanging his chair in English first for one in Modern Lang- 
uages, and that later for one in Philosophy, doing incidental 
work also with the college choir, the library, student dramatics 
and the like, and finding time for a good bit of serious reading. 
In 1876 he resigned at Antioch with the intention of studying 
again in Germany; but before he sailed he was induced to accept 
a subordinate position in English at Harvard. The work, which 
was in elementary composition and rhetoric, proved a dreary 
task, but it gave him a chance to follow certain courses in philo- 
sophy, to do something in physiology with Bowditch at the 
Medical School, and to make the acquaintance of the younger 
men in philosophy at Harvard, especially that of James, whom 
he came to know intimately. At the end of his second year he 
took his Ph.D. at Harvard with a dissertation on the Muscular 
Perception of Space. With his degree behind him he now put 
into execution his plan for further study abroad, enrolling first 
at Berlin, but changing later to Leipzig where he was the first 
American student in Wundt’s laboratory. In his graduate 
studying, both at home and abroad, Dr. Hall was least of all a 
student of the sessile and routine type; on the contrary he was 
like a boy at a banquet curious and eager to taste everything. 
While at Union Seminary he gladly made use of the opportuni- 
ties of a great city, frequented the theater and opera, heard all 
the best orators, and engaged in mission-work of a sort to bring 
him in touch with poverty and crime. While in Germany he 
attended lectures all along the line from theology to anatomy 
and psychiatry. During his two visits there he took courses 
under, or came in touch with, Dorner, Trendelenburg, Pfleiderer, 
Lazarus, Leuckart, Du Bois-Reymond, Helmholtz, Ludwig, 
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His, Flechsig, Westphal, Wundt, Fechner, Paulsen, von Hart- 
mann and many other leaders in different fields. With von 
Kries and Kronecker he published joiat researches. 


On his return in 1880 he began in Boston the studies later 
embodied in his paper on the Contents of Children’s Minds on 
Entering School (published in 1883), and under the patronage of 
Harvard offered a short course of lectures on the Leading 
German Philosophers and Psychologists, and another course of 
Saturday lectures for teachers. The latter won him prompt 
recognition, led to a call for a similar course next year, and 
ultimately to an invitation to Johns Hopkins University, first 
as non-resident lecturer, then as permanent lecturer, and finally 
in 1884 as Professor of Psychology and Pedagogics. The next 
four years were spent as a brilliant member of the galaxy of 
brilliant men whom President Gilman had gathered about him 
as the first faculty of that new and significant institution. 


In 1888 came an offer of the presidency of Clark University, 
—ominous in view of later developments, but seeming then to 
promise a fresh start with the highest ideals, vast resources and 
limitless freedom. Dr. Hall accepted, of course; and at the end 
of the academic year at Hopkins went abroad once more to 
learn the latest that the world had to teach on university ad- 
ministration. In the spring of 1889 he took up his residence in 
Worcester, and in the fall of the same year the first students 
were received. Of the history of Clark University, of the dis- 
appointment and thwarted hopes which marked its earlier 
years, and of the victory which Dr. Hall won out of defeat, this 
is not the place to speak. Suffice it to say that in the thirty- 
one years of his presidency he succeeded in realizing in essence, 
though in much restricted scope, the high purposes with which 
he began and in creating a place of research upon which many 
workers look back as to a beatific vision. 


Dr. Hall married twice. In 1878 he married, in Berlin, 
Miss Cornelia Fisher, an acquaintance of his Antioch days, and 
of this marriage two children were born: a son, Robert G. Hall, 
now a physician in Portland, Oregon, and a daughter, who with 
ber mother met a tragic death in 1891 by accidental gas-poison- 
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ing. In 1900 he married, as his second wife, Miss Florence E. 
Smith of Newton Centre, Mass., who survives bim. Of this 
marriage there were vo children.! 

Dr. Hall’s published work consists of some fourteen volumes 
(by far the greater portion of them, both in number and im- 
portance, published in the last twenty years of bis life) and of 
more than 350 shorter papers, articles and addresses, nearly 
half of which belong to the same period. This relatively late 
productivity is doubtless due in part to the hindrances which 
prevented Dr. Hall’s securing a settled and congenial academic 
position until late in his thirties, and to the administrative 
harassments of the earlier years at Clark. That be was able to 
ripen a harvest after the age at which most men begin to feel 
the burden of years, and to produce, as he did with almost un- 
abated vigor, until the beginning of his last brief illness, was due 
to his great physical vitality and to his perennial youthfulness 
of spirit. A second remarkable characteristic of Dr. Hall’s 
work is the relative absence from it of anything like systemati- 
zation. His own thought was too fresh, too full of nascent 
possibilities, to encourage or permit him to lay it out in regularly 
concatenated sequences. For the same reason he rarely had 
the patience to disentangle complicated matters of theory and 
to assign to each conflicting factor its precise or probable value. 
His natural bent was creative rather than critical. This, of 
course, did not prevent his dissenting from the views of others 
and, upon occasion, giving vigorous expression to that dissent. 
He attacked, indeed, at times with vehemence the positions and 
tendencies of which he disapproved, particularly when they 
bore upon the teaching of young people; but of judicial decisions, 
with reasons attached, there is small trace in all his published 
writings. 

His gradual shift away from the laboratory toward “genetic 
psychology” and the larger social and religious questions is well 
indicated by the bibliography of his contributions to the 
JOURNAL which follows this notice. It should be recalled also 


1Fuller accounts of Dr. Hall’s life, together with bibliographies, com- 
plete to their dates of issue, will be found in L. N. Wilson’s G. Stanley Hall 
(New York, Stech. rt, 1914), and in Dr. Hall’s own Life and Confessions of 
a Psychologist (New York, Appleton, 1923). Wilson’s book contains some 
details of personal history not taken up in the autobiography. 
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that after his founding of the Pedagogical Seminary in 1891 much 
of his work on the educational aspects of psychology appeared 
in that journal, and that after the beginning of the Journal of 
Religious Psychology and Education in 1904 a portion of his 
work in that field was turned in its direction. 


The death of Dr. Hall marks uot only the end of his own 
distinguished career, but also the final close of the pioneer 
period in American psychology. Of the three outstanding 
figures of the first few years, Ladd, James and Hall, none re- 
mains. The workers, the problems, the methods have all 
changed. Of the three, each served the new movement in a 
unique and indispensable way. Ladd, by producing the first 
authoritative and reasonably complete text-book of the new 
science in English, made it accessible to a rising body of students 
who could not readily make use of works in German. James, 
by his studies of the feeling of effort, of emotion, and of vision, 
by his attractive literary style, and finally by his two-volume 
Principles of Psychology, advanced the theory of the new 
science, gave it standing in academic and literary circles and 
won for it friends and supporters. Hall, by opening the Hopkins 
laboratory, by championing the genetic point of view, by en- 
thusiastic teaching, both at Hopkins and at Clark, by founding 
the AMERICAN JOURNAL, and by organizing the American 
Psychological Association, multiplied workers, made publica- 
tion easy, and gave to those busy with psychology a corporate 
unity. There is honor enough for all; no history of psychology 
in America can ever be written without honorable mention of 
all three; but it seems that in the end the greatest total service, 
measured by the extent to which the science has been helped 
forward, will be found to have been rendered by the last to go. 
After completing the Principles and the smaller books which 
were in a sense by-products of that work James promptly, and 
with a certain satisfaction, turned away from psychology to 
other and more congenial fields. Ladd, who had all along been 
two-thirds pbilosopher, published nothing of psychological im- 
portance after 1894 except the revision of his Elements of 
Physiological Psychology, and in that he was assisted by Wood- 
worth. Hall alone maintained a creative interest in the science 
and its applications until the end. 
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Of the three it is fair to say that Ladd, at least in psychology, 
showed no more than high talent intelligently and industriously 
applied, while James and Hall both bad, in differing fashion, the 
unmistakable marks of genius. Of genius in science Ostwald has 
distinguished two types: the Romantic and the Classical. In 
science all geniuses work hard, but the Romantiker works also 
swiftly. His mental machinery is labile; his ideas bud forth in 
all directions; his interests are wide; he reads everything; he 
talks readily and interestingly; his enthusiasm is contagious. 
As a consequence he draws about him, without effort, eager 
collaborators, and becomes, almost in spite of himself, an ideal 
director of advanced students. Problems, in which he himself 
is keenly interested, are ready in abundance for their study; he 
gives to them lavishly of his time and attention; he rejoices in 
their success, and they, in turn, work as never before, accomp- 
lisb results seemingly beyond their powers, and make return in 
affectionate admiration. But the need of communication is 
intense in the Romantiker; the university lecture-room and 
seminar rarely suffice for it; be reaches oui for a larger audience 
through publication. When he writes, he works under high 
pressure; he is impatient to get this piece of writing out of the 
way in order to come at the next; he is careless of details and 
even of minor errors; to correct them would be to delay other 
things of greater import. Is it not enough that he has furnished 
a new insight and opened up new territory? Let after-comers 
make their own corrections! With the material coming thus 
hot from his heart and brain, it is inevitable that bis work should 
bear a strongly personal character; no one else could have done 
it just as he has; and if it is good work of its kind, it affects 
powerfully his own day and generaiton. 


The qualities of the Klassiker contrast with these at nearly 
every point. His mental machinery functions more slowly, 
more ponderously and with a greater concertration. His flow 
of fresh ideas and new problems is but moderate, and all are 
closely germane to the central topic of his interest. He feels 
less need of communication and much more need for treating 
problems systematically, exhaustively and for all time. Teach- 
ing, if it falls to him, he will carry through conscientiously; but 
he takes no especial pleasure in it; he kindles small enthusiasm 
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and attaches few students by personal ties. When he writes 
he composes methodically, publishes sparingly and often with 
hesitation ; completeness is hard to attain, and no error is minor. 
As the quality of his work approaches perfection, as it gains in 
universality and becomes independent of time and place, it 
loses its personal flavor and takes on something of the imper- 
sonality of mathematical demonstration. The work of both 
Klassiker and Romantiker, if it has been worthy, ends by dis- 
appearing in the general and nameless current of science; but 
the work of the Klassiker, paradoxically, just because it is less 
personal, bears up his name for a relatively longer time upon the 
stream. 


To workers of either type the methods and outlooks of the 
other are largely incomprehensible. To the Klassiker the 
Romantiker is anathema: he is hasty, he is careless, his methods 
are unsound, he is in palpable error. To the Romantiker the 
Klassiker is a pedant, a tither of mint and anise and cummin, a 
stickler for orthodoxy, a devotee of meaningless decimals, 
caring more for system than for science. To a less passionate 
judgment both sorts of workers and each sort of work, in its 
particular time and place, are essential: that of the Romantiker 
when new fields are to be cleared or old ones ploughed up anew; 
that of the Klassiker in fields already reduced to normal tillage. 
A Klassiker in sociology is as rare as a Romantiker in mathema- 
tics. 

Dr. Hall was a typical Romantiker; and he found in the 
nascent psychology of forty years ago and in the applications of 
psychology to education (a technology which is ever in need of 
reconstruction) matters to which he could devote himself with 
full abandon. The speed at which he worked, especially the 
amount of scientific literature which he covered—often by the 
slow help of a reader—was a marvel to all who knew him. The 
range of his interest, if not quite universal, included at least all 
of those branches of knowledge which deal with life, even in its 
sordid and repellent aspects, and of him it can be more truly 
said than of most that to him nothing human was alien. His 
teaching, his public lecturing, the variety of new problems which 
he considered, his output of papers, his carelessness of details 
and minor errors, which even the care of his devoted assistants 
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could not wholly eliminate, the unmistakable character of his 
writing (the ‘Hall mark’ so easily recognized), the extent of 
his early influence upon the development of psychology in 
America and throughout his career upon education,—one and 
all run true to type. It is as a pioneer and propagandist in these 
fields that he must be judged. The attempt to appraise him by 
other standards misses the essential meaning and purpose of 
his life. 

It is also likely that his scientific contributions will suffer the 
typical fate of the work of the Romantiker. In psychology the 
specific things with which his name has been associated (his 
early work in the psychological laboratory, his studies of child- 
ren and adolescents, the “‘recapitulation theory” in education, 
the progress in muscular control “from fundamental to acces- 
sory’’, the emphasis on sex in normal life and education), in all 
these his first reconnoissances have been revised or superseded 
by the more accurate surveys of later comers, or seem likely to 
be so superseded, a result which Dr. Hall, again like a true 
Romantiker, would have looked forward to with entire equanim- 
ity. But the larger principles which underlay his work—none of 
them indeed original with him nor exclusively his, yet all held 
enthusiastically by him and greatly advanced by his support— 
the belief in research, the genetic point of view in psychology, 
the psychological point of view in education and religion, the 
importance of studying children and young people as the key to 
teaching them, the passionate reverence for youth, health, 
freedom, and self-realization—his contribution to the effective 
recognition of all these and to their progressive realization in 
action nothing can ever lessen or gainsay; it has already passed 
into the vital current of the time. It was these fundamental 
trends, so characteristic of Dr. Hall, that, in comparison with 
the less certain values of his specific suggestions, gave to some 
who knew him the constant feeling that the man was at all 
points greater than what he had published. 


To preach and to practice such principles as these is the 
work of a great teacher; and it is as a great teacher—not merely 
of graduate students or of the general public—but as the in- 
spired seer and prophet of a genuine psychological and educa- 
tional gospel that his place and reputation are secure. To those 
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who were his pupils, the inspiration, the illumination, the 
friendliness are unforgettable. While these pupils live his mem- 
ory will live also. When they are gone, and those also who 
found inspiration in his more publicly spoken word, his books 
may lose in power and the lustre of his name grow dim, but none 
the less his nameless influence will still be making powerfully 
everywhere for the advantage of the things which he most 
loved: youth, freedom, new knowledge. 
E. C. S. 


Articles contributed by Dr. G. Stanley Hall to this JourNAL 


1887. Dermal Sensitiveness to Gradual Pressure Changes (with Yujero 
Motora), I, 72-98. 
Psychical Research (a review of the work of the English Society for 
Psychical Research, 1882-87, and of Gurney’s Phantasms of the 
Living), I, 128-146. 
Reviews of the Psychologies of McCosh, Bowne, Dewey and Ladd, 


I, 146-164. 
1890. Children’s Lies, III, 59-70. 
A Sketch of the History of Reflex Action, III, 71-86. 
1891. Review of James’ Principles of Psychology, III, 578-591. 
Psychologists: E. Zeller, IV, 156-175. 
(First issue of the Pedagogical Seminary, 1891) 
1895. Experimental Psychology in America, VII, 3-8. 
Psychic Research, VII, 135-142. 
A Study of Fears, VIII, 147-249. 
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Allin), IX, 1-41. 
1898. Some Aspects of the Early Sense of Self, IX, 351-395. 
1899. A Study of Anger, X, 516-591. 
1900. Pity (with F. H. Saunders), XI, 534-591. 
1903. Reactions to Light and Darkness (with Theodate L. Smith), XIV, 
21-83. 
Notes on Moon Fancies, XIV, 88-91. 
Child Study at Clark University, XIV, 96-106. 
(First Issue of the Journal 4 Religious Psychology and Education, 1904) 
1908. A Glance at the Phyletic Background of Genetic Psychology, XIX, 
149-212. 
1912. Why Kant is Passing, XXIII, 370-426. 
1914. A Synthetic Genetic Study of Fear, XXV, 149-200; 321-392. 
1915. The Freudian Methods applied to Anger, VI, 438-443. 
Thanatophobia and Immortality, XX VI, 550-613. 
1917. A Reminiscence (for 25th meeting of Amer. Psychol. Assoc., Dec., 
1916), XXVIII, 297-300. 
1918. A Medium in the Bud, XXIX, 144-158. 
1919. Some Relations between the War and Psychology, XXX, 211-223. 
1921. The American Journal of Psychology, XXXII, 1-3. 
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For many years Dr. Hall was accustomed to furnish to the JouRNAL, 
under the title of Book Notes, groups of short unsigned reviews, sometimes 
quite numerous, and covering books upon all the topics in which he was 
interested. In the last three volumes these were continued, under his 
name, but were confined to books on psychoanalysis and related matters. 
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ON THE THEORY OF ERRORS OF OBSERVATION 
By F. M. UrBan 


Physical measurement is never exact, owing to errors some 
of which are systematic and some accidental. Systematic errors 
must be avoided or, should this not be possible, eliminated by 
appropriately arranging the course of observations. Accidental 
errors are unavoidable. Results of repeated determinations of 
the same quantity do not agree. This disagreement amounts to 
a contradiction, for it is clearly meaningless to assign different 
values to a well-defined quantity. These contradictions must 
be removed and the data must be made consistent by eliminating 
the accidental errors. This process is called adjustment of 
observations. 

The method of least squares is most frequently used for this 
purpose. It was applied first in astronomy and geodesy. Here 
measurement soon reached such a degree of precision as to 
warrant adjustment. Today this method is used wherever 
exact measurement is aimed at. It rarely happens that other 
methods of adjustment are used. When speaking of the theory 
of errors of observation one usually means the method of least 
squares. These terms are, however, not identical. There exist 
other processes of adjustment, e. g., graphic methods, but they 
are rarely used. The method of least squares has such a domin- 
ating position in practical work as to make all other processes 
of adjustment appear unimportant. The situation is still more 
pronounced in regard to theory. 

The immediate purpose of adjustment is to remove the con- 
tradictions between the results. To do this a satisfactory pro- 
cess of adjustment must fulfill certain requirements. The first 
is that the process must be well defined, 7. e., that it must lead 
by a series of well-defined steps to one uniquely determined 
value of every unknown quantity. The second requisite is that 
the process must be general, 7. e., that it must be applicable to 
any set of measurements, no matter what numerical values may 
have been obtained by measurement. 

These requisites are indispensable, but they are not sufficient 
actually to determine the process of adjustment. There exist an 
indefinite number of processes satisfying these two conditions, 
and we have nothing to go upon in selecting the one to be used 
in actual work. 

Legendre tried to justify his particular choice of the method 
of least squares by claiming that “there exists no principle more 
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general or more exact, nor one of easier application than the 
rule to adjust the data of observation so as to make the sum of 
the squares of the deviations as small as possible.”” This view 
is untenable. Simplicity of computation is certainly very de- 
sirable, but it is not a cogent reason for selecting a method of 
scientific research. The amount of work is of no importance 
here. We gladly accept any method, no matter how laborious 
it may be, provided that it gives the correct result. Tait il- 
ilustrates this point by the example of a scientific man who 
would put attraction inversely proportional to distance, and 
support this assumption by the argument that it gives a simple 
and easy solution of the problem of three bodies. Such a pro- 
cedure is sure to be laughed out of court. Even for practical 
work simplicity of computation is of minor importance. The 
main point is to obtain the correct solution. Should the work 
require too much labour, shortcuts of sufficient accuracy may 
be devised, provided that the value one is seeking is well defined. 

Legendre’s claim that there exists no method more general 
or more exact is entirely gratuitous. Any well defined procedure 
leading to a uniquely determined value of the unknown quanti- 
ties is equally general. The question, how the exactness of two 
processes is to be compared, can not even be raised before the 
definition of exactness is agreed upon. 

The practical need of some method of adjustment is quite 
plain. There exist an indefinite number of possible methods, 
and our trouble begins when we have to select one of them. 
Our choice, not to be arbitrary, must be supported by argument. 
It is one thing to deduce a set of formulae from given suppositions 
and it is an entirely different thing to justify one’s choice of 
the particular principles from which the conclusions are drawn. 
There is nothing wrong with the deduction of the method of 
least squares and its practical success must impress anybody 
interested in exact science. The trouble is with the principles 
on which it is based. Why should we follow the rule to adjust 
the results so as to make the sum of the squares of the deviations 
a minimum, while there are an indefinite number of equally 
plausible hypotheses at hand? 

Gauss’ first deduction of the method of least squares is based 
on two suppositions, which are called the principle of the 
arithmetic mean and the principle of the equiprobability of 
positive and negative errors. The first implies that the average 
of a set of direct measurements is the most probable value of the 
observed quantity. The second means that positive and nega- 
tive errors of given size have the same probabilities. A series 
of strict conclusions shows that the method of least squares 
gives the most probable values of the unknown quantities in 
the case of indirect observations too. The principle of the 
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arithmetic mean is supported by the fact that it is customary in 
practical work to take the mean as the best value. This implies 
that the mean is regarded as superior to any other value, 7. e., 
that it is more likely to be correct than any other determination. 
This, however, is but another way of saying that the mean is 
the most probable value of the unknown quantity. 

This argument may be expressed shortly in this way. The 
method of least squares is derived as the process of calculation 
corresponding to the customary procedure in taking measure- 
ments. Practical work is the primary datum, and calculation 
is arranged to suit it. The rules followed in practical work are 
analysed as to their logical significance, and are used as founda- 
tions of the mathematical theory. Practical work is justified by 
its success, and theory is based on it,—or rather, theory is 
nothing but practical work refined. 

It must be granted that this is an excellent justification and 
one that cuts deep to the very foundations of science. The 
primary datum of science is the collection of data. To be con- 
sistent, science must accept as principles the rules followed in 
collecting the data, or reject them both. Science may generalise 
or refine the methods of practical work, but the rules implied in 
it must be followed in theoretical research too. 

At first sight the principle of the arithmetic mean impresses 
one as a very natural supposition. It seems that most investi- 
gators hoped in the beginning of their studies to lay the founda- 
tions of the theory of errors of observation by proving this 
proposition from general principles. The actual attempt only 
proved the difficulty of the task. As long as one has not given 
much thought to it, this proposition appears clear and not 
open to doubt. It is after one has recognised its implications 
that one feels the necessity of elucidating this principle or of 
finding a more secure basis for the theory of errors of observa- 
tion. There exists, in this respect, a certain similarity between 
the principle of the arithmetic mean and the parallel axiom of 
geometry. Botb are borne out by experience, and impress the 
beginner as perfectly straightforward. Only the serious student 
realises the necessity of further investigation. The difference is 
that nobody doubts that there exist an indefinite number of 
possible methods of adjustment, while the parallel axiom was, 
and is, regarded by many as an intuitive necessity. 

Some recent developments of the calculus of probabilities 
make it all the more important to elucidate this problem.' It 
has been shown that all the problems of the method of least 
squares may be stated and solved in connection with the theorem 
of Bernoulli. Certain problems relating to chance events exhibit 


1Cf. my book Die Grundlagen der Wahrscheinlichkeitsrechnung und der 
Theorie der Beobachtungsfehler, 1923, 223-238. 
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all the features of those treated in the theory of errors of ob- 
servation. The quantities to be determined are the unknown 
probabilities of certain events, and the observed relative fre- 
quencies are the empirical data. The solution of these prob- 
lems is given by the method of least squares, which is derived as 
a direct consequence of Bernoulli’s theorem. In this case there 
is nothing arbitrary about the proposition that the arithmetic 
mean of direct observations is the most probable value of the 
unknown quantity. The solution of these problems by the 
method of least squares is as necessary a consequence of first 
principles as any deduction in mathematics, and there is no 
way of contradicting it. One has no choice but to adjust the 
data by the method of least squares, and there exist definite 
and cogent reasons for using it. 

Where is the corresponding justification of the principle of 
the arithmetic mean in the theory of errors of observation? 
Here this proposition is postulated as a principle without ad- 
vancing abstract reasons in its support. There is a difference 
between proving a proposition from abstract mathematical 
principles and justifying it by its success in practice. Gauss 
felt. dissatisfied with his deduction in the Theoria Motus, and 
tried to find a better starting point. His object was to find a 
set of general principles from which a method of adjustment 
might be derived. It may be that his research was restricted 
to sets from which the principle of the arithmetic mean for 
direct observations would follow. His argument is typical of 
all the later demonstrations, although it surpasses them all by 
its precision and elegance. For this reason we will briefly re- 
view it. 

Measurement is regarded as a kind of game in which one 
can but lose. Be an error positive or negative, it is a deviation 
from truth. It is necessary to find some means to estimate the 
loss one is likely to suffer in this game. Gauss chooses the mean 
error, and defines the most advantageous determination as the 
one which makes the mean error as small as possible. These 
suppositions make the problem definite and lead to the method 
of least squares. The arbitrariness lies in the definition of the 
mean error, and Gauss was fully aware of it. Any function of 
the errors which remains always positive may be taken as repre- 
senting the mean error, and Gauss’ definition has only the ad- 
vantage of being the simplest possible assumption. 

Few problems of science are as distinguished by contribu- 
tions of the keenest investigators as the theory of errors of 
observation. We now know that the method of least squares 
may be derived from very different suppositions. Perhaps the 
best known is the deduction from the hypothesis of elementary 
errors. The favor which this demonstration has found may be 
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due to the fact that the hypothesis of elementary errors cor- 
responds to our ideas about the origin of accidental errors. 
Symmetry of distribution, however, is obtained only by specialis- 
ing this assumption, and to obtain the method of least squares 
one has to make assumptions corresponding to those in Gauss’ 
first demonstration. 

There is one weak point in all these demonstrations. They 
contain among their fundamental suppositions one or more 
propositions which can not be deduced from general principles. 
It is not exactly the principle of the arithmetic mean which is 
needed, but some proposition corresponding to it. Since all 
these sets of suppositions lead to the same result, namely, to 
the method of least squares, one must conclude that these dif- 
ferent principles are logically equivalent. The theory of errors 
of observation requires one or more propositions which can not 
be deduced from general principles and which, therefore, are of 
non-mathematical character. We may guess that these proposi- 
tions must refer to the general character of our methods of 
measurement. 

It is easy to see that the idea of precision of measurement is 
foreign to the principles of abstract mathematics. Mathematics 
deals with abstract quantities, precisely defined and absolutely 
exact. It does not consider the process of measurement by 
which we assign numerical values to empirical quantities. 
Precision can not be measured unless it is agreed upon how this 
is to be done. 

Precision of measurement means limited precision. This 
implies that the observed quantity may be increased or dimin- 
ished in its value, without this change being detected by the 
instruments used. The theory of errors of observation does not 
use this simple notion, which is closely connected with the 
idea of accuracy of sense-perception, but defines precision of 
measurement indirectly in a rather artificial way. The better 
our instruments of measurement are, the better do the results 
of repeated measurements of the same quantity agree among 
themselves and the more closely are they clustered around the 
value which is to be assigned to the unknown quantity. Pre- 
cision, therefore, is defined indirectly by the greater or smaller 
agreement between the results. Theory has no means to de- 
termine the precision of a single observation directly. This can 
be done indirectly only by comparing the results of repeated 
measurements. 

It is customary to define precision by the deviations from the 
mean. It is, however, not necessary to take the deviations from 
the mean or, as a matter of fact, from any other value. Andrae 
and Helmert have shown that precision may be defined just as 
well by starting from the discrepancies among the observations. 
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This proves that the customary definition of precision of measure- 
ment is based on the agreement between the results of repeated 
measurements. 


It requires a little more care to see that the method of 
measurement defines the value which is to be assigned to the 
unknown quantity. The method depends on the instruments 
and on the character of the quantity to be measured. The 
final value is never obtained directly, but is the result of a more 
or less complicated, systematic procedure. The first thing in 
actual measurement is to define the conditions under which 
one intends to observe. One then compares the unknown 
quantity with a series of known quantities, until one is found 
which is judged equal. The application of a method of measure- 
ment requires a rule for selecting the values which must be 
compared to the unknown quantities. The rule for selecting 
these comparison values implies a definition of the value which 
we assign to the unknown quantity. 


It is important to show that the final value of an individual 
measurement is always the result of a compound process. In 
some cases the individual comparisons take place so rapidly 
that one might easily be misled into believing that one had 
found the final value directly. As a matter of fact every pro- 
cess of measurement consists of a series of comparisons, and the 
value of the unknown quantity is found after establishing its 
inequality with a series of other values. 


The compound nature of this process is easily recognised in 
the case of transit observations. The event in question con- 
sists in the coincidence of the star with the meridian. The ob- 
server follows the course of the star and marks, e. g., by releasing a 
key, the moment when the star coincides with the thread. The 
fact that the observer does not release the key is equivalent to 
the statement that in this moment the coincidence of the star 
with the thread has not yet taken place. 


It is particularly easy to recognise the compound nature of 
the process of measurement in the case of weighing. The body 
of unknown weight is successively compared with known 
weights, until a weight is found which the balance indicates as 
equal to that of the body of unknown weight. 


There is one more point to be settled. Empirical measure- 
ment never gives only one exactly determined numerical value; 
but, owing to the limited accuracy of our instruments and of 
our sense-perception, all the values of a certain interval appear 
equal to the unknown quantity. The size of this interval de- 
pends on the quality of the instruments used, but it never can 
be reduced to one single point. Results of measurements are 
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determined within a certain interval only, the size of which 
depends on the accuracy of our sense-organs and on the quality 
of our instruments of measurement. 


The notion of the margin inside of which we can determine 
empirical quantities is very well known since Felix Klein. It 
may be illustrated by the following example. We have at our 
disposal a balance sensitive to centigrams and a set of weights 
graded in milligrams. In determining the weight of a body we 
may change the comparison weights within the limits given by 
the accuracy of the balance. In so far as our observations go, 
any point of this interval may be chosen as the weight of the 
body. The interval is reduced in size if a better balance is used, 
but, owing to the limited accuracy of the instrument, it never 
can vanish. Any value inside the margin might be assigned to 
the quantity measured, to which it is, as far as our perception 
goes, equal. 

The existence of the margin makes it necessary to define the 
point of this interval which must be taken as the value of the 
unknown quantity. It is customary to take the centre of this 
interval, 7. e., the mean of the upper and the lower limit. These 
limits are found by starting from equality and increasing the 
known quantity until the difference is perceived. One also may 
start from values which are clearly greater or smaller than the 
unknown quantity and reduce the difference by small steps, 
until the quantities seem to be equal. 


Every individual result is the mean of the upper and the 
lower limit of the margin. This definition serves the practical 
purpose of making the individual results numerically definite. 
Here again we have to raise the question whether this value de- 
fined as the mean of the lower and the upper limit of the interval 
possesses any distinguishing qualities. It will be seen that this 
question is closely connected with the definition of the point of 
subjective equality in psychophysics. 

The process by which we determine the upper and the lower 
limit of the margin is identical with the one followed in the 
method of just perceptible differences. From this it follows that 
the margin is identical with the interval of uncertainty. Its size 
is given by the difference of the quantities S, and §, known in 
the theory of the method of just perceptible differences and of 
the psychometric functions. In this way the notion of the 
margin in the determination of physical quantities is made de- 
finite. It was a great step forward when Felix Klein recognised 
the existence of the margin. The ideal objects, of which pure 
mathematics treats, never correspond exactly to their empirical 
representatives, which we perceive by our senses. The margin in 
the determination of physical quantities is due to the limited 


ERRORS OF OBSERVATION 329 
accuracy of our sense-perceptions. This word must be taken in 
its technical meaning, and includes perceptions in which the 
senses are aided by instruments. 

We will now consider the significance of the rule to take the 
centre of the interval of uncertainty as the final determination 
of the unknown quantity. In psychophysics the point of sub- 
jective equality is defined as the comparison stimulus for which 
the probabilities of the judgments “greater” and ‘“‘less’’ are 
equal. This is the abscissa of the point of intersection of the 
curves representing the psychometric functions of the judgments 
“greater” and “less”. One sees at once that this point must 
always be within the interval of uncertainty, since outside of it 
the probabilities of the extreme judgments are greater than one- 
half. It has been found that the point of intersection of the 
curves representing the psychometric functions of the extreme 
judgments very nearly coincides with the centre of the interval 
of uncertainty. This means that the average of the upper and 
the lower limit of the interval of uncertainty is, or very nearly 
is, the value for which the probabilities of the judgments 
“greater” and “less” are equal. 

The theory of empirical measurement defines for its purpose 
the value assigned to a quantity determined by measurement in 
the same way as psychophysics defines the point of subjective 
equality. Two quantities A and B are equal if the chances are 
equal that A or B will be judged greater. This coincidence is, 
after all, no wonder. Psychophysics deals with the accuracy of 
sense-perceptions, and these are the primary data of empirical 
measurement. It is rather surprising that this connection be- 
tween psychophysics and the theory of errors of observation was 
not discovered before. Had Felix Klein, or one of his many 
followers, tried to make the notion of a margin definite, he 
would have been compelled to measure the accuracy of sense- 
perception, and this would have led to the analysis of psycho- 
physical methods. 

The necessity of defining the conditions, under which two 
quantities must be regarded as equal, exists as well in the theory 
of errors of observation as in psychophysics. The coincidence of 
the point of subjective equality with the centre of the interval 
of uncertainty is so remarkable a fact that it is worth while to 
state the general conditions under which this coincidence must 
take place. Let Y be a function which constantly increases 
from the value —4 to 4. WY approaches the values —} and 3 
asymptotically. We also suppose that the first derivative of 
this function has a maximum at the point z—S, on both sides 
of which it decreases symmetrically. The expressions 
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may represent the psychometric functions of the judgments 
“less” and “greater’’, since they always remain positive and 
constantly decrease, cr increase respectively, between the values 
o and 1. The curves representing these functions consist of 
two parts which coincide after double mirroring at the straight 
lines y=} and z=S. The points (rx=S,, y=}) and (x=S,, 
y=) are points of inflection. 


The point of subjective equality is given by 
t= 


If hy and he are equal, or very nearly equal, the point of sub- 
jective equality must coincide, or very nearly coincide with the 
centre of the interval of uncertainty. 


It may be mentioned that both suppositions are suggested by 
experience; but it is worth while fully to expound the compli- 
cated conditions of the coincidence of the point of subjective 
equality with the centre of the interval of uncertainty. The 
rapidity of the increase and decrease of the psychometric func- 
tions depends on the quantities h; and he. Experience shows 
that the probabilities of the “greater” judgments increase about 
as rapidly as those of the “less’’ judgments decrease. Experience 
further shows that the values of h; and he never differ very 
much. Similar things may be said about the formulae for the 
psychometric functions. These formulae are certainly hypo- 
thetical; but the hypothesis seems natural, and is one that agrees 
well with the results of experimentation. 


The coincidence of the point of subjective equality with the 
centre of the interval of uncertainty was found empirically, and 
the hypothesis about the form of the psychometric functions 
was suggested by experience. We do not want to lay too much 
stress on this fact. We merely mention it in explanation of the 
way in which these propositions were found. It must not be 
regarded as a general justification of the use of the method of 
least squares in the theory of errors of observation. The psy- 
chometric functions depend on the conditions of experimentation 
and results obtained under one set of conditions do not neces- 
sarily apply to other conditions which are perhaps entirely 
different. To this must be added that until now no data are at 
hand which were obtained under conditions directly comparable 
to those obtaining in actual measurement. The success of ad- 
justing certain measurements by the method of least squares is 
a practical, but strong reason for assuming that the conditions of 
its application are given in these fields; but a really satisfactory 
proof can be obtained only by the investigation of the psy- 
chometric functions. 
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We wish to insist on the complex nature of the conditions 
involved in the fundamental notions of the theory of errors of 
observation. We also wish to lay stress on the difficulties which 
are due to the fact that the psychophysical nature of the ob- 
server enters into the conditions of physical measurement. 

The further course of the analysis is a little too technical to 
be presented here, and the reader may be referred to the last 
chapter of the writer’s book on the calculus of probabilities. It 
is shown that there exists a close relation between the formulae 
of the theory of errors of observation and those of psycho- 
physics. We just mention the most curious one. The Gaussian 
measure of precision, h, as defined in the theory of errors of 
observation is related to the interval of uncertainty by the 
formula 

V1(S2—81) 

The coefficient of precision is inversely proportional to the in- 
terval of uncertainty. In psychophysics the accuracy of sense- 
perception is put inversely proportional to this interval; from 
which it follows that the notion of accuracy as used in psycho- 
physics is identical with the notion of precision used in the 
theory of errors of observation. Measurements of different 


precision are related to one another in the same way as if they 
were made by sense-organs of different sensitivity. The coeffi- 
cient of precision as determined by the formula of Gauss is in 
the same sense a measure of this sensitivity as the interval of 
uncertainty. 
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THE RANGE FOR VISUAL ATTENTION, COGNITION 
AND APPREHENSION 


By H. SHerman OBERLY, University of Pennsylvania 


The range of visual attention has been given in various text- 
books as the grasping of from 4 to 8 simultaneously presented 
objects.! Fernberger concludes his study on the range of visual 
apprehension by stating that an experiment offering but one 
type of verbal report to the successive exposure of visual stimuli 
calls for the term “range of apprehension” to cover or identify 
the results. He states that it would be apparently impossible 
to assume the threshold for apprehension at more than 6 or 8 
objects. He goes further and points out a possible difference 
between the range of attention and the range of apprehension. 
It was first suggested in this paper that such results would be 
more reliable and practical if the statistical limen or threshold 
were found; the limen being the point where the stimuli were 
correctly apprehended with a relative frequency of o.5. 

Titchener* defines attention as the increase of clearness for 
all objects within the range—an equal clearness, or the clearness 
of the “upper level.” The “lower level” includes those objects 
which are not as clear to the observer, and those which are recog- 
nized and may be included in a cognitive process. Bain* stated 
that some of the things which pass before the eye can be ob- 
served by concentrating upon one object, with the exclusion of 
the others. This he refers to as the “preference of attention.” 
Sully* has also mentioned that “psychical phenomena present 
themselves in unequal degrees of definiteness or distinctness.” 
Further on: “attention may be defined as mental activity im- 
mediately resulting in a raising in point of intensity, complete- 
ness and definiteness of certain sensations. . . .and a correspond- 
ing lowering of any other simultaneously presented sensation.” 
These definitions apparently seem to fall in the same category as 
that of Titchener, emphasizing clearness and distinctness. 

Dallenbach® came to the same conclusion that Fernberger 
reached after experimentation: that the experiment heretofore 


1Cf. S. W. Fernberger, A Preliminary Study of the Range of Visual 
A pomenn, this JouURNAL, 32, 1921, 121-133. The statistical results 
of former experiments have been summarized in this paper. 

*E. B. Titchener, The Psychology of Feeling and Attention, 1908, 220 ff. 

8A. Bain, The Senses and the Intellect, 1868, 558. 

‘J. Sully, Outlines of Psychology, 1902, 84 f. 

5K. M. Dallenbach, Attributive vs. Cognitive Clearness, Journ. Exp. 
Psychol., 3, 1920, 183-230. 
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designed to measure the range of attention has been measuring 
the range of apprehension. Dallenbach associates the “lower 
level’’ of clearness (which is the same as expressed by Titchener) 
with cognition; the “upper level’’ being associated with straight 
attention. If one should then consider the results from the 
point of view of only the “upper level’’ of clearness, one would 
have the true range of attention. 

The purpose of this paper is to add introspective reports to 
an experiment which heretofore has been called a “range of 
attention” experiment, and by so doing, to attempt to dif- 
ferentiate the thresholds of attention, cognition and apprehen- 
sion as defined above. The procedure follows that of Fern- 
berger in his study of the range of visual apprehension.*® 

Preliminary Series 

The preliminary series were begun in the Fall of 1922. White 
cards with black dots, varying in number from 4 to 15, were 
exposed in a Whipple Tachistoscope for an exposure approxi- 
mating 40c. This procedure was similar to that employed by 
Fernberger; but the subjects were required to give an intro- 
spective report of the mental processes involved in the formation 
of their judgments. 

The introspective reports of the Os indicate that there are 
possible, and of very frequent occurrence, three conscious 
patterns which form the basis of the verbal report of the stimuli 
perceived. These three patterns were described as follows. 
(1) Immediate. All the dots were perceived in a single flash of 
consciousness with an equal and high degree of clearness. 
(2) Grouping. All the dots were seen in a single flash of con- 
sciousness, but, owing to different degrees of clearness, there was 
an attentional grouping of the stimulus dots. Both of the two 
conscious patterns characterized above, however, gave rise at 
once to the verbal report without any subsequent mediating 
conscious processes. (3) Counting. This process was different 
from either of the other two, inasmuch as the report was always 
made on the basis of some subsequent re-imaging of the stimulus 
material. The mediating process varied from O to O and for 
the same O from time to time. The processes consisted fre- 
quently in a visual image, the dots of which were then counted 
verbally; or of a verbal counting with ocular-motor fixation of 
the position of the dots or other similar sorts of processes. Also, 
all of the Os reported wide differences in the degree of subjective 
assurance with which the judgments were reported. 

Arrangement of the Experiment 
The experiment was conducted in the Psychological Labora- 
tory of the University of Pennsylvania. Six Os were chosen 
from the staff of the department. 


cit., 124. 
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All of these Os had taken part in the preliminary experiments and so 
were familiar with the materials and methods of exposure. The Os were 
Samuel W. Fernberger, Ph.D., Karl G. Miller, Ph.D., Assistant Professors 
of Psychology; Sidney Sanderson, M. A., Malcolm K. Macdonald, M. A., 
Stanley F. Cooper, B. S., Instructors of Psychology; and John W. Cooper, 
A. B., Assistant in Psychology. They are hereinafter referred to as F, M, 
S, Me, SC and JC respectively. F, M and Me were highly trained in giving 
introspective reports; S had but little and SC and JC practically no sys- 
tematic introspective experience.’ 

Five series of white cards, 87 mm. square were prepared. 
From 2 to 15 black dots,’ 6.5 mm. in diam. were pasted in 
haphazard arrangements on the white backgrounds. All of 
these were exposed in rotation by means of a Whipple Tachisto- 
scope,® with an exposure of 37.50 calibrated by the tuning fork 
method. The photographic dark-room of the laboratory was 
used in order to keep the illumination on the stimulus card and 
the general illumination constant, the only source of illumination 
being that of the exposure lamp. The O was seated 1.9 m. from 
the point of fixation. 

The order of the stimulus cards was different in each of the 
five series and in each case was arranged in haphazard fashion. 
After the exposure of all the cards, they were turned go° so that 
the right edge of each card was now the bottom of the card for 
the next group of exposures. This method of rotating the cards 
was continued throughout the experiment. Thus, any stimulus 
card was seen in the same (identical) position only after each 
280th exposure. In this manner, and also by starting at different 
places in the series, the probability of the O memorizing the 
order of the series or of his recognizing any particular card was 
very much reduced. 

For F, M and § the stimuli of from 11 to 15 dots were 
eliminated after some practice, inasmuch as judgments of “I do 
not know” were invariably given. For F, the cards were re- 
sumed for the last 50 judgments of each stimulus, for the 
reason that improvement was very evident. 

The final experiment was begun in May 1923, with the Os 
sitting not more than an hour for any one day. Not more than 
4 sittings were arranged for any one week. The O was allowed 
to rest for a period of several minutes whenever he chose. Two 
hundred and fifty judgments for each number of the stimulus 
dots were obtained from each O. The observations were 
completed by November 1923. 


_"l am greatly indebted to Professor Fernberger for the suggestion of 
this problem, for his guidance and valuable assistance in the ne of 
this paper. My thanks are also due the subjects who made t. 
possible. 

&Dennison’s No. 12 Gummed Signal Marks were used. 
°*For a description of this apparatus of G. M. Whipple, Manual of 
Mental and Physical Tests, i., 1924, 264 f. 
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The directions which were read to the O at the beginning of 
each experimental sitting were as follows: 


“You will be shown successively for a very short exposure, cards which 
contain a varying number of black dots on a white background. Im- 
mediately after the exposure you will report verbally: 

1. the number of dots which you have apprehended; 

2. the degree of assurance or certainty of your judgment, using this 
scale for your report: 

5—if it is a 100 to 1 bet, 
4—if it is a 5 to 1 bet, 
3—if it isa tor bet, 
2—if itisa1to5 bet, 
1—guess or do not know; 


3. the method of determining your report; whether by Immediate 
judgment, i.e., ungrouped, Grouping of dots, or Counting.” 

Each O was given some practice under the new directions be- 
fore any record was taken of the judgments. 

It is obvious that the introspective characterizations do not 
correspond to the systematic categories that have appeared in 
the literature. It was necessary therefore to transform the re- 
sults obtained into some form of systematic categories for the 
purpose of study and of calculation. From a study of the litera- 
ture it seems that the introspective characterization which has 
been described above and which appears in the instructions as 
immediate corresponds exactly to one level—Attention, as des- 
cribed by Titchener. These results have therefore been cal- 
culated under this heading. 

The term Cognition as it appears in the literature seems to 
be a process which is immediate but which does not imply a 
single level of clearness. The principal aspect which character- 
izes cognition is its immediacy. It will be observed that the 
introspective categories of immediate and grouping are both 
characterized by their immediacy, although the second is further 
characterized by different degrees of clearness which lead to an 
attentional grouping. The results of these two introspective 
categories have therefore been combined under the title of 
Cognition. 

The term Apprehension as it appears in the literature signi- 
fies the obtaining of a knowledge of the stimulus without restric- 
tion to the mental processes underlying such knowledge. All 
three of the introspective categories have therefore been com- 
bined for purposes of calculation for this systematic concept. 
In other words, the results for both immediate and grouping, as 
the two ways of getting knowledge without subsequent process, 
have been combined with those for counting, which involves 
such a mediating process. 

The results for Attention consist solely of those which were 
characterized as immediate by the Os. The results for Cogni- 
tion are those which the O characterized as immediate plus 
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those characterized as grouping; and finally, the results for 
Apprehension are a combination of the results which were 
characterized by the Os under all three introspective headings. 
The schema given below will perhaps still further clarify this 
transformation of introspective characterizations into systematic 
categories. 


Introspective Characterization Systematic Characterization 
Immediate Attention 
Grouped Cognition 
Counted Apprehension 


It was arbitrarily determined to use for purposes of calcula- 
tion only those reports which were correct and which had an 
assurance of 5, 4 or 3. This means that the O was sure enough 
of his report to put even money on it, and this procedure elim- 
inates the doubtful judgments. Therefore, judgments with the 
assurance of 2 or 1 were eliminated from the calculations. All 
of the Os (except F) worked in entire ignorance of this elimina- 
tion. 

The results for each of the three systematic categories were 
fractionated into five groups of 50 judgments for each value of 
the stimulus in the order taken. The calculations were made in 
accordance with the phi-gamma hypothesis and these calcu- 
lations were simplified by the use of Urban’s Tables.’° Such a 
calculation yields a statistical threshold for each of our three 
systematic categories as well as a statistical index of precision 
of the results. 


TABLE I—OBSERVER F 


ATTENTION 
2 3 4 5 6 7 8 9 10 Ir 12 13 14 
I 0.78 0.62 0.38 0.14 0.04 
II 0.72 0.48 $4 0.08 0.00 
III 0.84 ae 0.36 0.24 0.06 
IV 0.94 0.76 0.68 0.30 0.08 
Vv 0.90 0.68 0.46 0.14 0.00 
Ave. 0.84 0.64 0.42 0.18 0.04 
COGNITION 
I 1.00 1.00 0.90 0.74 0.36 0.08 0.06 
II 1.00 1.00 0.96 0.66 0.34 0.02 0.00 
III 1.00 1.00 0.96 0.84 0.36 0.02 0.00 
IV 1.00 1.00 0.98 0.92 0.52 0.22 0.06 
Vv 1.00 1.00 1.00 0.82 0.36 0.08 0.02 
Ave. 1.00 1.00 0.96 0.80 0.39 0.08 0.03 
APPREHENSION 
I 1.00 1.00 0.94 0.92 0.66 0.52 0.32 0.06 0.04 
II 1.00 1.00 0.98 0.92 0.82 0.52 0.42 0.18 0.08 
III 1.00 1.00 1.00 0.96 0.82 0.66 0.52 0.26 0.14 
IV 1.00 1.00 1.00 0.96 1.00 0.76 0.76 0.52 0.30 
Vv 1.00 1.00 1.00 1.00 0.98 0.98 0.84 0.56 0.44 0.24 0.16 
Ave. 1.00 1.00 0.98 0.95 0.86 0.69 0.57 0.32 0.20 


10F, M. Urban, Hilfstabellen fiir die Konstanzmethode, Arch. f. d. ges. 
Psychol., 24, 1912, 236-243. 
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2 3 4 Ss 6 9 10 II 12 13 14 ] 
I 1.00 0.66 0.30 0.02 ; 
II 1.00 0.74 0.36 0.00 ¥ 
III 1.00 0.80 0.42 0.00 A 
IV 1.00 0.88 0.48 0.00 
1.00 0.94 0.82 0.18 
Ave. 1.00 0.80 0.49 0.04 
I 1.00 1.00 0.88 0.52 0. . i 
II 1.00 1.00 0.92 0.74 0.42 
III 1.00 1.00 1.00 0.98 0. : { 
IV 1.00 1.00 1.00 0.98 
Vv 1.00 1.00 1.00 0.96 ‘ 
Ave. 1.00 1.00 0.96 0.84 0.63 
A 
I 1.00 1.00 1.00 1.00 0.94 .04 0. | 
II 1.00 1.00 0.98 0.96 0.82 -14 0. i 
III 1.00 1.00 1.00 1.00 1.00 -14 0. ' 
IV 1.00 1.00 1.00 1.00 0.96 
Vv 1.00 1.00 1.00 0.98 0.98 .08 oO. 
Ave. 1.00 1.00 1.00 0.99 0.94 10 
TABLE RS 
2 3 4 6 9 10 Ir 12 13 14 F 
I 1.00 0.92 0.46 0 0.00 i 
IT 1.00 0.90 0.38 oO 0.00 H 
III 1.00 0.92 0.50 0.00 
IV 1.00 1.00 0.76 oO 0.06 
V 1.00 1.00 0.86 0 0.04 
Ave. 1.00 0.95 0.59 0.09 0.02 
I 1.00 1.00 0.96 0.68 0.62 .20 0. 
II 1.00 1.00 0.94 0.64 0.66 .04 0. 
III 1.00 1.00 0.94 0.68 0.64 10 0. 
IV 1.00 1.00 0.96 0.84 0.86 . 
Vv 1.00 1.00 1.00 0.92 0.86 -16 oO. 
Ave. 1.00 1.00 0.96 0.75 0.73 12 
APPREHENSION 
I 1.00 1.00 1.00 0.92 0.96 0.62 0.64 0.28 0.06 
II 1.00 1.00 1.00 1.00 0.90 0.76 0.62 0.08 0.00 { 
III 1.00 1.00 1.00 0.98 0.92 0.68 0.50 0.12 0.00 
IV 1.00 1.00 1.00 1.00 0.96 0.56 0.58 0.14 0.02 
V 1.00 1.00 1.00 1.00 0.96 0.76 0.62 0.18 0.00 
Ave. 1.00 1.00 1.00 0.98 0.94 0.68 0.59 0.16 0.02 
TABLE IV—OBSERVER Mc 
ATTENTION 
4 5 6 7 8 9 10 Ir 12 13 14 
I .22 0.00 
II ‘ .24 0.06 : 
III o. .34 0.20 
.20 
COGNITION i 
I 1.00 0.88 0.96 0.68 0.72 0.54 0.32 0.26 O.Ig 0.02 0. i 
II 1.00 0.92 0.98 0.82 0.66 0.54 0.52 0.28 0.1 0.04 0. 
III £.00 1.00 1.00 0.90 .076 0.54 0.58 0.16 0.19 0.02 
IV 1.00 1.00 1.00 0.98 0.76 0.56 0.60 0.12 0.1 0.00 oO. } 
Vv 1.00 1.00 1.00 0.96 0.74 0.58 0.72 0.18 O. 0.00 Oo. 
Ave. 1.00 0.96 0.99 0.87 0.73 0.55 0.55 0.20 0.18 0.02 0. 
APPREHENSION 
I 1.00 0.98 1.00 0.94 0.84 0.60 0.44 0. 0.12 0.02 0. 
II 1.00 1.00 0.98 0.98 0.72 0.58 0.54 0. 0.16 0.04 0. 
III 1.00 1.00 1.00 0.96 0.84 0.70 0.72 0. 0.14 0.02 Oo. } 
IV 1.00 1.00 1.00 1.00 0.68 0.66 0.14 0.00 
Vv 1.00 1.00 1.00 0.98 0.86 0.70 0.80 Oo. 0.08 0.02 0. 
Ave. 1.00 1.00 1.00 0.97 0.82 0.65 0.63 0. 0.13 0.02 
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2 3 
I 1.00 0.98 
II 1.00 0.98 
III 1.00 1.00 
IV 1.00 1.00 


I 1.00 1.00 
II 1.00 1.00 
III 1.00 1.00 
1.00 1.00 


I 1.00 1.00 
II 1.00 1.00 
III 1.00 1.00 
IV 1.00 1.00 


3 

T 0.60 0.64 
II 0.64 0.58 
III 0.76 0.62 
IV 0.80 0.68 

0.86 0.90 
Ave. 0.73 0.68 
I 1.00 1.00 
II 1.00 0.98 
III 1.00 0.98 
IV 1.00 1.00 
Vv 1.00 1.00 
Ave. 1.00 0.99 
I 1.00 1.00 
II 1.00 1.00 
III 1.00 0.98 
IV 1.00 1.00 

1.00 1.00 
Ave. 1.00 1.00 


fractionated. 
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TABLE V—OBSERVER SC 


° 
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ATTENTION 


7 


8 


COGNITION 


0.92 
oO. 


0.68 
0.78 
0.92 
0.88 
0.94 
0.84 


0.54 
0.82 
0.80 
0.76 


0.8. 
0.7 


APPREHENSION 


a 


ecooooo 


TABLE VI—OBSERVER JC 
ATTENTION 


ecccoo 


8 


COGNITION 


ecoco 
° 
N 


APPREHENSION 


0.52 
0.54 
0.44 
0.52 
0.42 
0.49 


Results 

The observed relative frequencies for each O appear?in 
Tables I to VI, one table given to the results of each subject. 
In the first columns are the series into which the results were 


eccocoo 


ecocooo 


13 14 


0.04 


0.04 


13 14 


In the successive columns are the observed re- 


lative frequencies of judgments for the different stimulus values. 
Each table is divided into three parts,—the upper third giving 
the values for Attention, the middle the values for Cognition, 
and the lower third the values for Apprehension. The averages 
are given in the bottom row of each section. 


4 5 6 | i 9 10 = 12 a 
.94 0.58 0.10 
.92 0.34 0.06 
.96 0.48 0.10 
.00 0.62 0.16 
.00 0.68 0.20 
Ave.1.00 0.99 .96 0.54 0.12 
.00 .82 .16 .06 9.02 .00 
.00 .92 -34 -14 .08 
.00 .96 .56 -22 .28 .16 
.00 .00 .60 .50 .40 
.00 -98 -48 §].40 
Ave. 1.00 1.00 .00 .94 0.80 51 .34 .27 .17 
.00 -.98 0.94 -16 0.08 .02 .00 
.00 0.96 -52 0.34 -14 .08 
.00 .00 0.96 -56 0.22 .28 .16 
.00 .00 1.00 -56 0.60 .50 .40 
.00 .00 0.98 -76 0.48 .40 .20 
Ave. 1.00 1.00 .00 0.97 0.34 .27 .17 
4 5 6 7 | 9 10 11 12 | 
22 00 0.02 
14 00 0.00 
38 00 0.00 
60 02 0.00 
84 00 0.00 
44 00 0.00 
.66 58 0.34 .00 00 .00 00 
-54 58 0.14 .00 00 .00 00 
.54 26 0.02 .00 00 .00 00 
.62 14 0.00 .00 00 .02 00 
.84 0.00 .00 00 .00 00 
.64 32 0.10 0.04 .00 00 .00 00 
.00 0.98 86 0.80 .04 .04 .00 00 
.98 1.00 86 0.84 .16 .08 .00 00 
0.94 96 0.92 .08 .00 .00 oo 
.00 0.98 88 0.94 .06 .00 .02 02 
.00 1.00 04 0.92 .08 .04 .00 00 
.98 0.98 90 0.88 .08 .03 .00 00 
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These average results are shown in graphic form in Figg. I 
to III. In Fig. I the curves of the psychometric function for 
Attention for all 6 Os are superimposed. Figg. II and III are 
similarly constructed for Cognition and Apprehension re- 
spectively. By inspection of these curves it can readily be 
noted that the attention judgments are relatively similar for all 
of the Os, tending to group together, with the curves of the 
psychometric functions relatively steep and very similar in 
both form and position. In the cognition process their results 
are widely distributed and the curves are relatively less steep. 
In the third or apprehension series the results for the different 
Os tend to group together again and the curves drop more 
rapidly than those for cognition, once they start, but not so 
rapidly as the ones for attention. 

In Fig. IV the curves are based on the averages of the ob- 
served relative frequencies for each O. In other words, the 
curves which are relatively similar in form are widely separated 
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each from the other with relation to the abscissa. For Mc and 
SC the curves for cognition and for apprehension are relatively 
similar with regard to both form and position in relation to the 
abscissa. For these Os, however, both curves are exceedingly 
shifted toward the higher values from the curves for attention. 
The curves for S and JC have an intermediate relationship. 
In both cases the curves for attention and apprehension are 
widely separated. For JC the curve for cognition, although 
quite different from either of the other curves, tends more nearly 
to approach that of attention; for S the curve for cognition tends 
to approach that for apprehension. 

This indicates that for all Os a marked difference in results 
was obtained between attention and apprehension. For F and 
M cognition was markedly different from either. For Mc and 
SC, cognition was markedly different from attention but not 
from apprehension. For S cognition was markedly different 
from attention, but less markedly different from apprehension; 
and for JC the opposite relations seem to hold. 


TABLE VII—OB. F 


ATTENTION COGNITION APPREHENISON 
SERIES h 


5.642 0.41432 


° 
5-453 
oO. 5.0712 


6.2104 
6.2385 
5.8430 


TABLE VIII—OB. M 
COGNITION APPREHENSION 
h 8 
0.54419 -1625 0.63119 
0.53775 
0.54839 
0.59919 


0.66309 
0.57852 


TABLE IX—OB. 8S 


COGNITION APPREHENSION 
8 h h 
6.8166 0.28966 . 40806 
7.1027 0.2595 - 55406 
6.612 0.31975 55304 
7.09035 0.38865 
7.5033 9.4103 -57484 
7.0376 0.33357 .880 52842 


TABLE X—OB. Mc 
COGNITION APPREHENSION 


0.36796 
0.31566 
0.40855 
0.39329 
0.44003 
0.38642 


| 
I 3.381 
2 2.9028 0.7798 7.430 0.40075 
3 3.5936 0.87154 7-907 0.37708 
4 4.2617 0.67397 9.0396 0.30712 
5 3.7028 — 0.74927 9.753 0.37373 ; 
AVE. 3.5684 0.47551 0.72694 8.2173 0.37460 
ATTENTION 
SERIES Py bh 
I 3.2175 0.8165 
2 3.6548 0.6374 
3 3.8242 0.6921 
4 3.9643 0.84696 
5 4.4250 0.95254 6.8862 f 7.8942 0.60288 A 
Ave. 3.8173 0.78910 6.4711 7.8161 0.63118 
ATTENTION 
I 3.9356 1.00562 
2 3.7866 1.27356 
3 3.952 1.0608 
4 4.42099 0.89562 
5 4.0765 1.10118 
Ave. 4.1561 1.06736 
ATTENTION 
— 8 h 8 h h 
I 3.239 0.53834 6.926 0.26690 7.656 
2 3.2463 0.56564 7.416 0.26844 7.8378 
3 3.5433 0.38213 7.5652 0.34808 8.0724 
4 3.486 0.4038 7.6728 0.36966 7.9762 
5 3.823 © .33432 7.6633 0.37664 8.1148 
Ave. 3.4675 0.44485 7.4487 0.32612 7.9314 
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TABLE XI—OB. SC 


ATTENTION COGNITION APPREHENSION 
SERIES 8 h 8 h 
I 5.0705 0.85512 7.7375 0.42829 8.066 0.49081 
2 4.7907 0.9503 9.026 0.32466 9.1652 0.36107 
3 4.9495 1.09075 9.4826 0.3426 9.4826 0.3426 
4 5.2291 0.90422 10.8025 0.17593 10.8025 0.17593 
5 5.3538 0.87104 10.174 0.35036 10.174 0.35036 
Ave. 5.0787 0.93447 9.4445 0.32437 9.5381 0.34595 


TABLE XII—OB. JC 


ATTENTION COGNITION APPREHENSION 

I 2.866 0.38522 5.775 0.26642 7.7530 0.54889 

2 2.7664 0.52973 7.5609 0.28349 7.9504 0.40353 

3 3.4722 0.3566 4.4821 0.44878 7.793 0.38504 

4 3.868 0.39123 3.718 0.26116 8.0354 0.47734 

5 4.3564 0.46676 $-seet 0.6023 7.8032 0.69568 
AvE 3.4658 0.42591 .2296 0.26402 7.8851 0.50228 


The calculated results for all the Os appear in Tables VII 
to XII. The first columns show the fractionated series for the 
results of the Os. The tables are divided next into three groups 
which indicate the systematic characterizations, Attention, 
Cognition and Apprehension, and these are each divided into 
two columns showing the value of the threshold (S) and the 
value of h, which is considered as the index of precision, for 
each series. The bottom row of figures in each table shows the 
averages for the values of S and h for each of the three syste- 
matic categories. 


The Limens 


The average value of S in the case of F (Table VII) shows a 
wide difference for each of the characterizations, ranging from 
3-6 for attention to 5.8 for cognition to 8.2 for apprehension. 
JC (Table XII) is the next in rank order to show such a varia- 
tion, with the changes in the value of S from 3.5 to 5.2 to 7.9. 
M (Table VIII) shows the variation from 3.8 to 6.5 to 7.8. 
Mc (Table X) shows a similar wide range of difference, from 3.5 
to 7.4 to 7.9; the difference between cognition and apprehension 
is only 0.5. The results of S (Table IX) are very similar to 
those of Mc in this respect, for his value of S for attention is 
4.2, for cognition is 7.0 and for apprehension 7.8; the difference 
between the threshold value for cognition and apprehension is 
but 0.8. SC (Table XI), as may be noted in the charts above, 
has the highest range of any of the Os, and his results follow 
the same general trend; from the value of 5.1 for attention to 
9.4 for cognition, and 9.5 for apprehension. As was stated 
above, concerning the curves drawn from the averages of the 
observed relative frequencies which are shown in Fig. IV, the 
difference between attention and apprehension in all cases of 
the Os is marked and striking. The results of F, M and JC show 
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a difference in the values of S between attention and cognition, 
and also between cognition and apprehension. With S, Mc, 
and SC the difference between cognition and apprehension is 
much less marked. 

An examination of the threshold values for the individual 
fractions shows that for F, M, S and Mc the relations which 
have been described for the averages hold throughout. There 
is one exception in the results for JC,—in fraction 4 the thres- 
hold for cognition is very slightly less than that for attention. 
For SC the values of S for fractions 3, 4 and 5 are the same for 
the categories of cognition and apprehension, a result which 
indicates that for these 3 fractions the O made not one single 
report which was characterized as counting. 


Progressive Practice 


An analysis of the results of the value of S for the different 
fractions of our Os from the point of view of progressive practice 
shows the following for attention. All of the Os show an in- 
crease in the size of the threshold as experimentation progressed. 
For M and Mc the increase was steady from fraction to fraction, 
amounting in the case of Mc only to 0.58, while in the case of 
M the increase is 1.2. For 8, SC and JC there is only one inver- 
sion in the size of the threshold, and in every one of these cases 
the inversion occurs by the threshold in the first series being 
larger than that for the second (and for SC for the third also). 
The amount of increase for these Os from the first to the last 
series is: 8, 0.74; SC, 0.28; JC, 1.49. For F an increase in the 
size of the S from the first to the last series is also apparent, 
amounting to 0.32. Two inversions are to be found in this 
series, however, the order of the fractions with regard to magni- 
tude of the S being 2, 1, 3, 5, 4. 

For s5 of the Os the thresholds of cognition also show an in- 
crease with progressive practice, the difference in the size of the 
first and the last thresholds being for F, 0.59; M, 0.30; S, 0.74; 
Me, 0.73; SC, 3.06. The value of S for none of these Os shows a 
steady increase from fraction to fraction. The values for JC 
are anomalous, inasmuch as there is a decrease in the size of the 
threshold from the first to the last fraction of 1.17, — the order 
of the series with regard to magnitude is 4, 3, 5, 1 

A similar increase with regard to magnitude of the threshold 
values for all Os is to be found for progressive practice in appre- 
hension. F alone shows a systematic increase for the 5 fractions, 
the total amount of increase being 2.8. The amount of in- 
crease for the other Os is: M, 0.73; 8, 0.09; Me, 0.45; SC, 2.73; 
JC, 0.14. For Me and SC only one inversion is found for the 5 
individual fractions, while for the other three Os (M, S and JC) 
the order is quite irregular. 
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It would seem then that progressive practice bas an effect of 
varying degree upon the different systematic categories for the 
Os who have been studied. In the case of F a large effect of 
progressive practice is to be found for apprehension, a consider- 
ably smaller effect for attention and cognition, although the in- 
crease for cognition is slightly greater than that for attention. 
For M the greatest amount of progressive practice is to be found 
for attention; slightly less for apprehension, and considerably 
less for cognition. For S there is an equally marked effect for 
attention and cognition, with an almost negligible effect for ap- 
prehension. For Mc the magnitude of the effect is not very 
different for the three categories, the order being cognition, at- 
tention and apprehension. For SC a very marked effect is 
found for cognition and also for apprehension, while a negligible 
effect only is found for attention. For JC a large effect is found 
for attention, a negligible effect for apprehension, and a nega- 
tive effect for cognition. It seems obvious, as was also borne out 
by the introspection of this O, that the apparent negative effect 
of progressive practice upon cognition was really an artifact. 
This was brought about by the increase in training in intro- 
spection which the O obtained during experimentation, which 
led him to classify in the later experiments many of the processes 
under counting which had formerly been classified under group- 
ing. 

The following Table indicates the number of Os who showed 
gains in the value of S for the systematic characterizations 
Attention, Cognition and Apprehension. The first column 
shows the number of the series, and the number of observers 
listed under the following three columns indicates those whose 
results show an increase over the preceding series. 


Series Attention Cognition Apprehension Total 
2 2 4 5 II 
3 6 4 4 14 
4 5 5 3 13 
5 5 4 3 12 
Total 18 17 15 50 


The possible totals under attention, cognition and appre- 
hension are 24 each." This would indicate that there are more 
cases of gains in attention than for cognition or apprehension. 
The possible totals in the last column for each series are 18 each. 
This indicates that the second series was the poorest for the Os, 
and it may be stated here that the longest period between any 
two series was between the first and the second. The third and 
fourth fractions were run through within a short period of time; 
but there is still a decrease evident. There are more variations 


“Four series, six Os. 
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in the results for cognition and apprehension, which may ac- 
count for the falling off of gains—while attention seemed to be 
more constant and steady. For the totals of neither columns 
or rows are the differences great. 


Index of Precision 


When one considers the average values of the index of pre- 
cision (h) for the three systematic categories, the following re- 
lations seem to hold. 

For M, 8, Me and SC the average value of A for attention is 
higher than for either of the other two; the value for appre- 
hension is next, and that for cognition is lowest. This means 
that for these four Os the curves for the psychometric functions 
for attention were steepest, while those for cognition were least 
steep. 

These relations do not hold when one considers the individual 
fractions into which the results of these Os were divided, with 
the exception of S, where the relations described above hold 
throughout. For M three exceptions are to be noted: in the 
second fraction the relations for cognition and apprehension are 
reversed; for the third fraction the h for cognition is highest; 
in the fifth fraction the order is: cognition highest, attention 
and apprehension. Two exceptions are to be noted in the values 
of h for Me. In the third fraction the order is: apprehension 
highest, then attention and cognition. In the fifth fraction the 
order is: apprehension, cognition and attention. For SC in the 
last three fractions, attention is always highest, and the values 
for h for cognition and apprehension are exactly the same. 


F gives values for the coefficient of precision which do not 
agree with the average values of the four Os whose results have 
just been analyzed. For this O the average values of h for 
cognition are highest, attention second, and apprehension low- 
est; and these relations hold true for every one of the five 
fractions into which the results were fractionated. 

JC has average results which are also at variance with the 
first four Os analyzed. For him the value of h is largest for 
apprehension, attention second, and cognition smallest. Only 
two of his fractions agree with his average results, however,— 
namely, 1 and 4. For fraction 2 the order is attention, appre- 
hension, cognition; for fraction 3, cognition, apprehension, at- 
tention; for fraction 5, apprehension, cognition, attention. 

For the majority of the Os, therefore, the least precision is 
found with cognition. F, who has had the most experience with 
introspective methods, ranks high with cognition, while JC, who 
has had the least amount of training in the introspective method, 
has the lowest value of h for cognition. 
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Progressive Practice 


The effect of progressive practice on the index of precision 
(h) seems to be variable from O to O. Perhaps one can best 
illustrate by using the following diagram; + indicating an in- 
creased effect; o, no effect; — a negative effect. 


Observer Attention Cognition Apprehension 
F + on 
M + + te) 
8 + 
Me + + 
SC 
JC 


Taking the algebraic sum of these symbols no effect is found 
for attention, a slight positive effect for cognition (+2), and a 
negative effect (—1) for apprehension. 


Discussion 

I. Are the three systematic categories properly chosen and 
properly defined experimentally? In attention, according to 
Titchener, the organism is interested in the object at hand. 
There are not active and passive states of attention, but there 
is one state of attention when all the organism is directed to 
the exposed stimulus with the exclusion of other material. In 
this experiment the Os were instructed to make a verbal report 
of the number of stimulus dots apprehended, and to give an 
introspective report as to how they determined the number of 
dots apprehended. The report “immediate” was to be given 
in this experimental procedure when there were no subsequent 
mental processes involved and only when all parts of the process 
were of an equal degree of clearness. 

As this method of judging is limited in regard to the mental 
processes involved, there appears to be justification in calling 
the first of our systematic categories attention. It obviously 
agrees with the definition of attention as given by Titchener, 
and experimentally it has been found that the Os indicate this 
in their introspections at the completion of the experiment. 

M reports: ‘Where an immediate judgment was reported, the dots 
seemed of equal clearness and definition. Introspection shows no interval 
between the exposure of the card and the number perception. In every 
case 2 dots were apprehended immediately. For the 3-dot stimulus the 
condition for immediate judgment demanded approximately equal spac- 
ing and not great extension. In many cases the difference between im- 
mediate and grouping judgments was determined not so much by the 
number of dots exposed as by the spatial arrangement."* Invariably im- 


mediate pees were given with the greatest assurance. The verbal 
report followed the exposure with almost the speed of a simple reaction.” 


_8Cf. A. M. Bowman, Size vs. Intensity as a Determinant of Attention, 
this JoURNAL, 31, 1920, 87-90. 
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S reports: “An immediate judgment was given without attention to the 
perseverating image, and a high degree of confidence in its correctness al- 
ways accompanied it. [A “5” judgment.] This applied to numbers 2 and 
3, and usually 4 which could be apprehended in a single group.” 

Mc reports: “In judging the number of dots a definite effort is made to 
group them. This makes the estimation of their number easier and more 
accurate. In cases where there is only one group I make a report of 


>” 


‘immediate’. 

SC reports: “With immediate judgments I find, with the smaller groups 
(3, 4 and occasionally 5) there is a simultaneous and equal clarity, 2.e., all 
dots stand out clear cut and of equal blackness at one time; with the larger 
groups (most of the 5s, and all of the 6s) there is an immediate consciousness 
of 6—or 5, with a slightly greater clarity to a certain component (2 or 3) 


than to the rest, which elicits a re-reading of the memorial image—this 
seems to be due to the point of fixation, and varies from time to time with 
the same card. All immediate judgments were attended by a high degree 
of assurance.” 

JC reports: “‘At first the judgments reported as immediate were so in a 
process quite analogous to a reflex. There was no recognition in conscious- 
ness of any process except the visual, and the report was not elicited by any 
other element than the stimulation. That is to say, no sooner was the 
stimulus presented than the report was made, and an actual consciousness 
of the report itself, or of its nature, was not experienced until it was given.” 

These introspections indicate that the verbal reports of 
“immediate” are definitely linked with the single level of clear- 
ness which Titchener mentions. SC was one of the Os with 
practically no training in the introspective method, and his 
results show that he has the highest range of attention of the 
Os—and he uses the method of rechecking his results after he 
has given bis report on the number of stimulus dots appre- 
hended. Here the organism is limited, and it is noticeable in 
our results that there is a corresponding limited range of at- 
tention for the Os. A report of immediate judgment is similarly 
given with the grouping process, but the O is not limited to the 
single level of clearness as described above. The O now is per- 
mitted to use other immediate means of apprehending the 
number of stimulus-dots on the cards, and he brings into opera- 
tion another level of clearness or mental process. The organism 
practically doubles the process involved in attention, and this 
judgment is called cognition, whether it consists of one level or 
two levels of clearness. Dallenbach™ found in an experiment 
on sensory clearness that two levels were possible, and as 
mentioned above in the introduction, the experiment dealing 
with two such levels is an experiment in cognition, and not one 
in attention as heretofore described in the literature. That is, 
this dual level of clearness permits the O to report a greater 
number of stimulus-dots than he does in attention proper. 
Consequently, there are several attentional processes which are 
grouped and which are reported verbally as “grouping,” and 
there is a corresponding increase in the range of cognition over 


BO>p. cit., 230. 
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the range of attention. This range of cognition is defined ex- 
perimentally in the fact that the Os report the grouping of the 
stimulus dots. Further, examine the introspection of each O. 

M reports: “The group judgments seem to be a combination of two or 
more immediate Pa. The group of 3 or 4, and very rarely 5 dots 
was apprehended as a unit and combined with another similar group. 
Again the spatial arrangement of the dots seemed of primary importance; 
some stimulus cards which readily permitted a group judgment in one 
position offered a decidedly different problem when rotated through 90° or 
180°. In every case where the group judgment was given it was arrived at 
following a definite act of addition. The two or more groups, although 
exposed for so short a time that eye movement was impossible, registered 
in a distinctly temporal series. The degree of assurance was frequently, 
but not necessarily great.”’ 

S: “A grouped judgment implied that it was on the basis of more than 
one group, é.g., 2 5 was apprehended as a group of 3 and a group of 2, or of 
4 and 1. A larger number was often apprehended in terms of similar 
groups of familiar number arrangements.” 

Me: “The groupings are made in a vertical direction, 7.e., the dots 
which lie under one another are put in the same group. An attempt was 
made to make vertical groups, ot if only one group resulted an ‘immediate’ 
report was given; if several groups resulted, a ‘grouped’ report.” 

SC: “I found that, on three or four occasions, 5s were apprehended by 
grouping instead of immediate judgment as they usually come. One of 
these 5s consisted of an arrangement which grouped 3 and 2. Another 
came immediately in whatever arrangement or position it was e \ 
This one first associated itself in my mind as a funnel, and thereafter ap- 
peared as a funnel in the other three positions.’”’ He further states: “With 
grouped judgments I am conscious of exploring the memorial image, each 
successive group being a trifle less clear ion the preceding one; the degree 
of assurance depending, it seems, upon the clarity of the latter groups— 
or group.” 

JC: “As regards grouping judgments it can only be said that they 
have served as a makeshift in an attempt to observe a number of dots too 
great for immediate judgment. Consciously no attempt was made to 
group the dots; and where a grouping judgment was made, it was where 
the dots fell into natural groups themselves. These judgments, therefore, 
took on somewhat the same characteristic of the immediate judgments, 
except that the units were consciously compound, instead of single dots. 
As the experiment progressed there developed a tendency to count, even 
those cards on which dots were naturally grouped; and accordingly, as 
the O became efficient with practice, the number and importance of the 
grouping judgments were greatly decreased.” 


The calculation of the cognition or grouping results includes 
those for attention, for the organism is increasing the number of 
methods for determining the number of stimulus-dots. Only 
the correct results are calculated; hence, those immediate judg- 
ments, or attention, which have been considered, are included 
in the results for grouping, which is a more complex process for 
the organism. 

The most complex method is one which permits greater 
freedom on the part of the O, and is that of counting. The in- 
structions call for the number of dots which can be apprehended; 
therefore, the judgment in every case need not be necessarily an 
immediate one. There need not be equal levels of clearness—the 
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organism is “let go’’ and “runs wild’’—the more that can be 
apprehended, the larger the range for apprehension. Fern- 
berger“ has so defined the range of apprehension—that there is 
not necessarily an immediate response on the part of the O, 
but some subsequent process may be used. The method per- 
mits any attentional report, any grouping report, and any 
counting—any method whatsoever in order correctly to gain a 
knowledge of the number of stimulus-dots. The introspections 
also bear this out for apprehension, as they do for attention and 
for cognition. 

M reports: “The judgment of counting was usually based upon a rather 
indistinct but nevertheless usable immediate memorial image.’ One group 
of dots was apprehended immediately. During an intervening period the 
remaining dots were definitely counted with the assistance of implicit eye- 
movements of exploration. Since there was no clear i image, the assurance 
of = counted judgments was rarely, if ever, high.” 

.in counting, either all the dots by the perseverating image are 
pan. a one by one, or a group was apprehended as a whole, and then the 
remaining dots were counted. For example, 8 might be taken as 5 dots, 
and I, 2, 3 other dots!” 

Mc: “When there are groups, but several single dots left over around 
the edges which do not fall into groups, I report counting.” 

C, who did not use the “‘counting”’ report after the third fractionated 
series, Teports as follows: “With counting judgments there seem to appear 
isolated dots that occur as images which pop out after the grouping is 
complete—these single dots were of less clarity of outline and blackness 
than the groups whose apprehension came earlier. Assurance is markedly 
less in these cases; the greater the number of single dots appearing after 
the groups, the greater the uncertainty, not only of the dots themselves, 
but of the group which came earlier—a sort of retroactive loss of recall.”’ 

JC: “Introspectively the general habit of observation which repetition 
forces upon the O was one of counting. Resulting in immediate judgments, 
a secondary process, counting, set in. The grouping judgments became 
broken up, and a great preponderance of counting judgments was given. 
In the earlier part of the experiment the attention was concentrated not 
deliberately, yet consciously, upon the stimulus upon which the eye first 
fell. Counting was impossible then, where the number of dots was at all 
large. Accordingly, unconsciously the habit of counting was fixed, and 
became first noticed when approximately half the judgments were made. 
The most significant introspection in this process was the original appear- 
ance of, and later loss of, negative after-images of the dots themselves. .... 
as the habit of counting became more fixed, the dependence on the after- 
images decreased, until no after-images at all were recognized in conscious- 
ness.’ 


It has been shown experimentally that the systematic 
category of apprehension has also been properly chosen. The 
introspections of the Os indicate various methods of appre- 
hending the number of stimulus-dots. 

II. Increase in S from attention to cognition to apprehension 
may be expected, as by definition they are progressively inclusive. 
The foregoing definitions of attention, cognition and apprehension 
indicate that the organism has more liberty in the method of 
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determining the number of stimulus-dots: that is, attention 
permits an immediate report,—one level of clearness and dis- 
tinctness; cognition may involve several levels of clearness 
which are also immediate; and apprehension permits the organ- 
ism to go the limit insofar as methods are concerned,—any 
combination may be used. The definitions are progressively 
inclusive and a progression for the values of the thresholds is 
anticipated from attention to cognition to apprehension. Such 
is the case of all the Os in the experiment. Fig. IV serves to 
demonstrate this result graphically. It will be observed, as 
indicated before, that cognition and apprehension are the same 
for SC for the higher values; he learned to eliminate the count- 
ing reports, which accounts for this similarity. 


III. Size of h seems to decrease from attention to apprehension 
to cognition, on the whole. An examination of the values of h for 
the three categories for four Os (except F and JC) shows the 
highest values for attention, intermediate values for apprehen- 
sion, and smallest values for cognition. The order for F is 
cognition highest, then attention and then apprehension. For 
JC the order is apprehension, attention, cognition. In accord- 
ance with Boring’s® paper on the stimulus-error, one would 
have expected that the order would have been attention, cogni- 
tion, apprehension—inasmuch as introspectively attention is the 
most univocal process, while apprehension is the process most 
equivocally determined. The process of apprehension is a 
uniquely good example of the stimulus-attitude, while both at- 
tention and cognition, as defined above, may be classed under 
process attitude. Hence, insofar as in the case of five Os (F, 
M, 8, Me and SC) the value of h for attention is considerably 
larger than the similar value for apprehension, this hypothesis 
seems to be correct. The values for cognition, however, do not 
correspond so well with our general assumptions. In the case of 
F the value of h for cognition is higher than for the other two 
processes. For M, 8, Me and SC it is the smallest of the h- 
values. For the case of these last four Os, it may well be be- 
lieved that the grouping process, which added to the immediate 
judgmeot really determines the form of the curve for the cogni- 
tion category, was an intermediate sort of process on which 
the Os fell back when attention proper was not sufficient. A 
proper explanation for the high cognition value of F cannot be 
offered. 

In the case of JC the size of the values of h for attention and 
for cognition corresponds exactly with the relations for the four 
Os discussed above. The high value for apprehension for this 
O, however, cannot be given adequate explanation on the basis 


%E. G. Boring, The Stimulus-Error, this JouRNAL, 32, 1921, 449-471. 
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of this hypothesis. A comparison of his curves will indicate for 
cognition and apprehension (Figg. II and III) that, although the 
increase in the number of correct judgments is considerable for 
values up to 8 dots inclusive, there was markedly little increase 
above 8 dots, and hence the upper tail of his curve falls off very 
rapidly, giving a relatively steeper inflection to the curve as a 
whole. 

Unfortunately there is a situation similar to, but much less 
equivocal than, that found by Fernberger with lifted weights." 

The results seem to show definitely that the curves for ap- 
prehension, which are definitely stimulus-attitude, show con- 
siderably less precision than those for attention, the most uni- 
vocally determined judgments. 


Conclusions 

(1) The systematic categories “‘attention,”’ “cognition” and 
“apprehension,” as they appear in the literature, do not cor- 
respond with the introspective characterizations of the Os in this 
experiment. 

(2) Attention may be characterized as an immediate process 
in which all sensory elements have an equal and high degree of 
clearness. 

(3) Cognition may be characterized as an immediate process 
in which either the sensory elements have an equal clearness value 
or in which the sensory elements appear with different degrees of 
clearness; thus leading to an attentional grouping. 

(4) Apprehension may be characterized as the obtaining of a 
knowledge of the stimulus in terms of any sort of mental process 
by either of the two processes described as attention or cognition, 
or by a mediating process of re-imaging the impression and of 
counting the elements in this image. 

(5) The values of the threshold for our Os are greatest in 
magnitude for apprehension, intermediate for cognition, and 
smallest for attention. 

(6) The values of the coefficient of precision (h) for most of 
the Os are largest for attention, intermediate for apprehension, 
and smallest for cognition. 

(7) Progressive practice seems to affect all three systematic 
categories, and shows itself as an increase of the value of the 
threshold as practice continues. Both the absolute and relative 
increase varies from O to.O, however, as one compares the three 
systematic categories. 

(8) Progressive practice seems to have a variable effect on 
the magnitude of the coefficient of precision as one compares the 
values for the different categories for the different Os. 


16S. W. Fernberger, An Experimental Study of the ‘Stimulus Error,’ 
Journ. Exp. Psychol., 4, 1921, 63-76. 


THE THEORY OF EINSTEIN AND THE GESTALT- 
PSYCHOLOGIE: A PARALLEL 


By Grorce Humpsrey, Queen’s University 


The Psychological School of the Gestalt, of which the pro- 
tagonists are Wertheimer, Kéhler and Koffka, originated histori- 
cally with von Ehrenfels,' article on Gestaltqualitaten, written in 
1890, though twenty-two years passed before the appearance of 
Wertheimer’s? paper, which seems to have been the scientific 
starting point of the theory. In this connection it is interesting 
to note that in 1898 the Erdmann-Dodge monograph on reading 
anticipated the fundamental contention of the school.’ 

Wertheimer claimed that his experiments with successively 
exposed visual stimuli, and in particular the occurrence of what 
he termed the simultaneous phi-phenomenon, which came into 
being when the time-interval was shortened beyond the limits 
for phenomenal movement, pointed to the existence of a unified 
physiological process,‘ which resulted as a specific whole from 
the excitation of local regions. This cross or total-process 
Wertheimer insists, is not simply the sum of the local excitations,§ 
but is a structure having these as its basis. Following this 
thought, there has developed the concept of the psychic struc- 
ture or Gestalt, which conforms with von Ehrenfels’ criteria, 
that such a structure cannot be built up out of elements, and 
that it can be transposed like a melody.® Such a Gestalt is not 
merely a discrete sum,—in Wertheimer’s words an “Und-Ver- 
bindung’’,’ a neologism which I venture to translate as “enumer- 
ative-combination.” The component parts are not additive, 
like the soldiers in the Trojan horse, to use a phrase which Plato 
has made famous in another connection. Kéhler has developed 


1Vjs. f. wiss. Phil., 14, 1890, 248-292. In answer to the objection that 
the doctrine of the Gestali is nothing but the rather shop-worn theory of 
Gestaliqualitdten, as set forth in this paper of v. Ehrenfels, it is sufficient 
here to adduce the disclaimers of members of the school, as Koffka, Psych. 
Bull., 1922, 536; Kéhler, Phys. Gestalten, 1920, 35 ff. See also the in- 
teresting note on the Gestaliqualitdten in C. Spearman, Nature of Intel- 
ligence, 1923, 116, which gives the names involved. 

*Experimentelle Studien iiber das Sehen von Bewegung, Ziés. f. Psych., 
1912, 161-265. 

3B. Erdmann and R. Dodge, Untersuchungen tiber das Lesen, 1898, Ch. 
6. 

4Op. cit., 251f. 

5“Sich auf der Grundlage der Einzelerregungen aufbauen.” 

®Von Ehrenfels states that he took the hint from Mach. See E. Mach, 
Analyse der Empfindungen, 1906, 85, for an example. 

7Untersuchungen zur Lehre von der Gestalt, Psych. Forschung, 1921, 
47-58. 
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the conception of non-additiveness by adding the further 
postulate that the parts of a true structure are actually altered 
individually when they are combined.* Thus the typical form 
of the stimulus-experience relation is not an elemental sensa- 
tion,® but a structure which is, hypothetically and actually, as 
immediate as its parts, which latter are not necessarily prior to 
the whole process. The theory of mental elements or psychol- 
ogical atomism, to use a perhaps dangerous term which is now 
becoming fashionable, is consequently an unnecessary assump- 
tion, depending on a spurious application of the methods of 
physical science.!° In contrast to the idea of the mental ele- 
ment, the component members of a psychic structure are really 
interdependent, each one of them being what it is by virtue of 
its place in the whole." To reduce consciousness to a single 
sensation, then, even though this single sensation be the pro- 
duct of analysis, is to adduce a limiting case”, Wertheimer 
would argue, and we have no right to draw conclusions hence 
as to normal states of consciousness. The sensation is then 
really an abstract artifact, which not only has no basis in ob- 
servation, but which leads to subtly false conclusions as a 
product and an instrument of analysis. It is indeed, a false 
analysis® that has set it up as primitive datum, as experience 
reduced to its lowest terms. Similar criticisms are made 
against the current use of the terms ‘association’ and to some 
extent ‘attention’, these concepts being supplanted by an 
ingenious use of the single concept of the unified whole process.” 

Let us now turn to the other member of the parallel which it 
is the purpose of this paper to bring out. According to Lord 
Haldane, “stated generally, the teaching of Einstein is that 
absolute rest and motion are meaningless for physical science, 
and that motion can signify only the changing position of bodies 
relatively to each other.’ Thus, to take the simplest possible 
case, that of two isolated bodies in motion, all that we can ob- 
serve is a change in distance of the two bodies in mutual re- 
lation. We have then a dynamic whole progress, with respect 
to which it would be distorting the facts to claim, for the pur- 
pose of calculation or description, that ‘either of the reference 


8Die physischen Gestalten, 1920, 42. One may compare Aristotle’s 
definition of the ‘whole’ in the Poetics. 

*Koffka, Zur Grundlegung der Wahrnehmungspsychologie, Zis. f. 
Psych., 73, 1915, 57- 

10Wertheimer, Psych. Forschung, 47. 

"Koffka, Psych. Bull., 543. 

cit., 52. 

53, note 3. 

“Compare E. B. Titchener, A Textbook of Psychology, 1915, 50, and 
also his article, Sensation and System, this JouRNAL, 1915. 

See Koffka, Psych. Bull., passim; and E. Rubin, Visuell wahrge- 
nommene Figuren, 1921, 101. 

“The Reign of Relativity, 55. 
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bodies is ‘unique’ as compared with the other.’” The special 
theory of Einstein makes this negative postulate for bodies in 
uniform rectilinear motion, the general theory for bodies in 
motion of any description.'* We have for simplicity taken the 
case of two bodies. The argument can of course be extended 
to three or more, the differences thus introduced being, for our 
purposes, of complexity only. Clearly, therefore, it is illogical 
to argue as to the behavior of these bodies in any way that 
presupposes a space or a time dependent on any one of the 
moving bodies, which is what Newton does when he refers the 
constituent events to a fixed frame of reference and a fixed time 
system.'** And in any case, space, in the ordinary sense of the 
word, meaning a universally valid space, and time, in the same 
sense, are not the products of experience. They are “really 
abstractions from reality.” If, then, we cannot hold the as- 
sumptions of a single space and time, which is the framework of 
reference for the whole system, how is it possible to describe 
the unified whole of nature, of which we are aware? At first 
sight, the removal of the gssumption of a fixed framework seems 
to lead to chaos. Here was a task for mathematical analysis, 
to determine whether the events of the system could somehow 
be described in terms independent of space and time. To his 
surprise, Lorentz tells us, Einstein succeeded in developing an 
entirely adequate calculus which ‘deals with change in which 
space and time have not yet been discriminated,”’ and by means 
of this transcendental instrument he recalculated the observ- 
able facts of the solar system. The results, according to the 
relativists, approximate more nearly the actual facts of exper- 
ience than do the results obtained as a result of the Newtonian 
assumptions. One may note that, in spite of the apparent 
novelty of this wide embracing hypothesis, it is said to be only a 
rediscovery ‘‘of ideas which were promulgated by the philoso- 
phers of the seventeenth century,’’!® and which were eclipsed by 
Newton’s discovery of the law of gravitation. 

17A. Einstein, Theory of Relativity,60. English Edition. 

187 bid., 61. 

18aQbjection has been made to the statement that Einstein does not 
make use of a fixed frame of reference. In his Theory of Relativity Einstein 
says (95): ‘Thus in reality, the description of the time-space continuum by 
means of Gauss coordinates completely replaces the description with the 
aid of a body of reference.” Jbid., 99: “This non-rigid reference body. . . 
might appropriately be termed a ‘reference-molluse’.” ‘The general 
principle of relativity requires that all these molluscs can be used as 
reference bodies with equal right and success.”’ And again, 94: “‘we refer 
the four dimensional space-time continuum in an arbitrary manner to 
Gauss coordinates.”’ And further, 73: ‘{the general principle of relativity] 
....the equations of such a theory hold for every body of reference, what- 
ever may be its state of motion.”’ Ipse dixit. 

19H. Wildon Carr, Time Space and Material, 106, in Problems of Science 
and Philosophy (Aristotelian Society), 1919. 
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Between these two theories, that of the German physicist 
and the German psychologist, there stands out an immediate 
parallel. Each strikes at the discreteness of the cosmos, at the 
local autonomy respectively of the physical and the psychic. 
Each begins with a negative, destructive attack,—sensations 
are not independent, velocities and spaces and times are not 
absolute. True it is that, as already indicated, the notion of a 
cosmic interdependence was not new. But the two theories 
claim to have carried the idea much further than ever before.”° 
Thus, while we have Newton claiming the gravitational inter- 
dependence of physical matter, we find also a school of philoso- 
phers declaring an associational interdependence of psychic 
material, and indeed the parallel between these two modes of 
thought was brought out by Hume in a famous passage. ‘Here 
is a kind of Attraction,’’ he says, ‘‘which in the mental field will 
be found to have as extraordinary effects as in the natural.’ 
It is not without significance to find the father of the British 
Association school, Hartley, acknowledging his indebtedness to 
the great physicist of his day.” And exactly as the results of 
Newton are now said to be only approximations which modern 
technique has transcended, so we find Wertheimer saying that 
“only seldom,. ...only within narrow limits and perhaps in any 
case only in approximation, does the principle of enumerative 
combination hold in psychology.’ 

Things that are not independent cannot be added together 
arithmetically.* For addition we must posit a discreteness 
which has been denied to its data by each of the two theories 
under discussion. A father and a son, as such, cannot be added 
together to make two of anything. Only when they are con- 
sidered outside of their relationship, that is as men or as human 
beings, can we say they make two. If two drops of water are 
placed in sufficiently close contact, they lose their twoness. 
This fact has been exemplified in each of the two theories under 
discussion where, in each case, the non-independence of the 
data has been found to imply a non-additiveness. ‘The theorem 
of the addition of velocities employed in classical mechanics 
cannot be maintained,” declares Einstein. In exactly the 
same way, the parts of the Gestalt are declared not to be sum- 
mative. They cannot be added together to make the Gestalt.* 


20Compare Kdéhler, Physische Gestalten, 153 on the danger of likening 
the Gestalt with the philosophic unity of the world. 

Treatise on Human Nature, Part 1, sec. 1. 

2D). Hartley, Observations on Man, ch. 1, Introduction. 

2U/ nt. z. Lehre v. d. Gestalt, 52. 

Reservatis reservandis. 

*Theory of Relativity, 16. 

*Kohler, Phys. Gestalten, Introduction, p. xviii; and cf. Wertheimer and 
Koffka, passim. The thought originated with von Ehrenfels. 
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While the idea is central for the Gestalt-theory, yet it has re- 
mained at the negative stage longer than in the theory of 
Einstein. The latter has adopted the Lorentz transformation 
to explain the combination of velocities; but the advocates of 
the Gestalt do not seem to have developed any such specific 
law for the combination of mental data.?” 

The antithesis of this concept of the additive element, which 
is denied so vigorously by both the theory of the Gestalt and the 
theory of Einstein, is a whole which cannot be built up out of 
its parts. A theory which stresses the inapplicability of the 
conception of the arithmetic sum as the mode of combination 
of its data is therefore likely to emphasise the fact that it treats 
wholes of one kind or another. This can be seen to be a part of 
the relativist’s theory; for, to go back to our fundamental 
illustration, Einstein states that the sole dynamical datumis 
two or more bodies moving relatively to each other.2® Put in 
another way, this means that the original datum is two moving 
bodies, to take the simplest case, considered together, not either 
one considered by itself or absolutely. After all, that is what 
we mean by the statement that motion is relative. Thus we 
find Whitehead, in a remarkable passage,?* asserting in criticism 
of the older physical theory that “awareness of nature begins 
in awareness of a whole which is present’’, and “‘this awareness 
of the whole is directly sensed, and is not a detailed discrimina- 
tion of its parts.”” Could one ask for a statement better il- 
lustrating the fundamental similarity of the two theories? It 
would, indeed, be difficult to decide at a guess from which of the 
two it comes. Certain it is that the sentence could be matched 
many times over by almost precisely similar words from the 
school of Kéhler. As an example on the psychological side one 
may take the statement of Wertheimer that ‘what is given 
consists of more or less fundamentally structural, more or less 
definite wholes and whole processes.’*° Almost equally re- 
markable in its parallelism is the statement of Koffka that 
“the members of the structure are what they are by virtue of 
their place in the whole.”’** Could a better statement be found 
than this of a psychological theory of relativity? 

An excellent example of the idea of the ‘“‘whole-process” as 
used by the school of the Gestalt is to be found in the work on 


27There are the laws of leveling and assimilation, mentioned by Koffka, 
Psych. Bull., 545 (Prazisierung and Nivellierung: F. Wulf, Psych. Forschung, 
1922, 341). These are considered special cases of Kéhler’s law of pregnancy; 
see Koffka, l.c., and Kéhler, Phys. Gestalten, 348 ff. There are also hints 
of laws developed and expounded in Wertheimer’s academic lectures. 

*8Haldane, l.c. 

*°Time, Space and Material, 46f. 

"Untersuchungen, 52. 

Psych. Bull., 543. 
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the psychology of comparison.” Pikler found when two suc- 
cessive stimuli were being compared for intensity, the judge- 
ment of comparison never followed the apprehension of the 
second stimulus but was always simultaneous with it. This 
points the way to the position taken by Kéhler, who maintains 
that we cannot properly speak of two sensations which are 
experienced and compared, but that our comparing experience 
is the apprehension of two members of a whole with a certain 
tension between them.* This writer has, in fact, devoted a 
whole monograph to showing that hens and chimpanzees re- 
act to pairs of colours as to whole structures and not as to two, 
individual, separable sensations, and has repeated his experi- 
ments on a three-year-old child.* Throughout the monograph 
he attempts to disprove the theory of what he calls the ‘‘ab- 
solute”’ sense of the stimulus in favour of the structural, relative 
sense. 

There are other parallels between the two theories. Of 
these, perhaps one may mention that both theories claim that 
the results of their predecessors have been built up by a postu- 
late of abstractioos, the sensation and space and time respec- 
tively. Each claims that its analysis conforms better with what 
is actually observed. Each claims to have united under one 
common explanation facts that previous theories regarded as 
disconnected anomalies, and thus to have made necessary fewer 
laws and fewer postulates. Other points of similarity could be 
brought up, but they would be, as are these, merely symptoms of 
a general agreement, which springs from the fact that the two 
theories, in essence, show a fundamentally similar attack by the 
human mind upon two radically different fields of experience. 

One may thus sum up what seems to the writer a remarkable 
chapter in the history of science. In the fields of physical and 
psychological science there have lately appeared, under the 
names of the Einstein and the Gestalt theories, innovations which, 
unnoticed, at least in print, by both sets of workers, appear to 
lead by fundamentally similar methods of attack to funda- 
mentally similar conclusions. In each case the attack is headed 
against an older theory whose postulate is discreteness of data, 
and in each case there is substituted a postulate of the primary 
interdependence of data, implying the necessity of a relative 
rather than an absolute treatment. This common point of 
departure results in parallelisms, of which examples are the 
non-additiveness of data and the insistence upon whole pro- 
cesses rather than parts. 


Pikler, Zits. f. Psych., 67, 1913, 277. 
%Nachweis einfacher Structurfunktionen beim Schimpansen und beim 
Haushuhn, Abh. d. Preuss. Akad. d. Wiss., 1918, 14. 


*Jbid., 45. 
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Although, and this is perhaps inevitable from the nature of 
the subject matter, psychology lags infinitely behind the exact 
and powerful mathematical technique of the physical sciences, 
yet innovations in the two branches of knowledge seem to be 
moving along parallel paths. 


TONAL VOLUME AS A FUNCTION OF INTENSITY 


By H. M. Hatverson, University of Maine 


Diotically perceived tones vary in their volumic aspects with 
changes in pitch. Rich’ has determined the precise nature of 
these variations, and concludes that within the limits of 100 
vs. to 800 vs. “the relative difference limen of tonal volume is 
approximately constant.’”’ In a recent paper® the writer found 
that diotic tones as perceived through closed tubes vary in 
volume as the phase relationship between the tones is altered. 
Tones of median and extreme lateral localization have greater 
volume than tones in intermediate positions, when no differences 
of pitch are discernible. It is generally believed* that intensive 
changes accompany changes of phase; therefore the question 
which naturally arises concerns itself with the relation of volume 
to intensity, and it is the purpose of this paper to discuss this 
relationship from the evidence obtained from the following 
experiments. 

The apparatus consisted of a telephone receiver which was 
introduced into the secondary circuit of an audio-oscillator of 
tooo cycles, enclosed in an approximately sound-proof box, 
which served as the source of sound. The oscillator was energiz- 
ed by a 6-volt storage battery which was recharged at regular 
intervals as long as the experimentation continued. A tele- 
graph key and slide rheostat, upon which had been pasted a 
mm. scale, were inserted into the secondary circuit. A shift of 
the rheostat slide increased or decreased the current through 
the receiver and resulted in corresponding alternations in the in- 
tensity of the tone of the receiver. The telegraph key served to 
open and close the secondary circuit. Zero on the rheostat 
scale corresponded with maximal intensity, and 233 on the scale 
with minimal intensity, of the stimulus. 

The Os were Dr. W. S. Taylor (T), a member of the faculty of the 


University of Maine, and Mr. H. E. Pressey (P) and Miss Helen C. Burton 
(B), students of the same university. T and P were trained musicians; B 


1G. J. Rich, J. Exp. Psychol., 1, 1916, 22. 
*H. M. Halverson, this JouURNAL, 33, 1922, 526-534. 


3See A. H. Pierce, Studies in Auditory and Visual Space Perception, 
1901, 127; C. E. Ferree and R. Collins, this JouRNAL, 22, 1911, 250-297; 
and Halverson, ibid., 33, 1922, 178-212. 
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had had little musical training and was not particularly musical. None of 
the Os had had experience in auditory experimentation, and under the con- 
ditions of the experiment this lack of experience might be considered an 
advantage. T gave some trouble in the first few settings. Differences of 
volume for all these Os were dependent upon differences of pitch. T, how- 
ever, was unable to say just what he meant by volume, except that he had 
always believed that pS of pitch of tones connoted changes of volume. 
P and B gave little or no cote} throughout the entire series of observa- 
tions. 

The first step in the experimentation‘ was to train the Os to 
make volumic judgments. In order to accomplish this purpose 
the Os were required to make volumic judgments after the 
manner described by the writer in an earlier paper. The average 
limen for the Os at 396 dv. was 18.1 dv., with m.v. of 1.8 dv. 
T, who was not on the ground at the time of this preliminary 
experimentation, was required to make volumic judgments with 
piano tones under the method of constant stimuli. C (256 dv.) 
was used as the standard tone, and the five next lower tones, 
B, Bp, A, Ab, and G were the comparison stimuli. P and B 
took part in this preliminary experiment also. This work came 
to a close when the O’s judgments became consistently uniform. 
The average limen was less than the difference between the 
standard and the first comparison stimulus; hence no attempt 
was made to compute it. 

In the principal experiment the O was seated so that the 
receiver was about 2 ft. behind him in the median plane at ear 
level. The purpose was to determine precisely the direction of 
the changes in volume as the tone was altered from maximal 
intensity (position o on rheostat scale) to minimal intensity. 
With the maximal intensity as standard, the procedure con- 
sisted in determining the limen for the category “smaller” by 
the method of constant stimuli. The instructions were to re- 
port “larger’’, “equal’’, or “smaller”. The first set of limens for 
the three Os was averaged and used as the new standard, and in 
this way the entire volumic range was covered. The first stand- 
ard and the four resulting limens are indicated in Fig. 1. An 
effort was made to find a fifth limen; but the sound at this 
position of the scale was too weak, and the outside auditory 
distractions were relatively too great, to permit of dependable 
judgments; hence the experimentation for volume was brought 
to a close. 

The limens shown in Table I were computed by linear inter- 
polation between the two relative frequencies adjacent to the 
50% point. It is apparent that the change of volume for change 


The Stern variators used in this experiment were lent by the Clark 
Psychological Laboratory. We take this opportunity to thank Dr. E. C. 
Sanford for this courtesy. We wish also to express our thanks to Dr. A. L. 
Fitch of the University of Maine for extending to us the use of the physical 
laboratory. 

5Op. cit., 527. 
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TABLE I 


Psychometric functions of volumic differences for intensive differences of 
diotically presented tones of 1000 dv. Relative frequencies based on 120 
judgments for each comparison stimulus 


Range of Relative frequencies of volumic differences Limen Average 
5 equally under category “smaller” y limen 
separated Successive comparison stimuli in increasing linear 
—— order of intensive differences interpolation 
stimuli 


mm. mm. 


20-100 44 
30-150 106 
30-150 82 


89-137 III 
97-177 141 
97-177 140 


140-176 J 158 
146-206 176 
146-206 181 


III 
131 


IV 
172 


179-207 193 
179-207 195 198 
182-222 205 


of intensity of stimulus is regular. While no limen was deter- 
mined at 198 on the mm. scale of the rheostat, the limen at this 
position can be fairly accurately obtained by plotting the value 
of the other limens against the volume on the rheostat scale, 
aod drawiog in by eye the besi fitting curve. 

Fig. 1 presents graph’cally the data of Table I. The upper 
dots and curve are the limens and the best fitting line of the 
limens for volume. The limens are plotted on the ordinates 
against volume which is represented by the abscissa. If we 
assume continuity of function, the limen for volume by linear 
interpolation lies between those stimulus values for the relative 
frequencies that include 50%. The successive liminal values for 
volume thus obtained are read from the ordinate scale. For 
example, the limen at 0, maximal volume, is 77, and the other 
limens in order are 54, 41, 26 and 20; the last limen is read from 
the curve at 198, which is the fifth and last standard used in 
the method of constant stimuli. The limens herein indicated 
are the average limens for the three Os, and each was in turn 
taken as the standard for the succeeding series. On the basis of 
these results we may accept the smoothed curve as representing 
in general the form and the amount of the volumic function. 

Inspection of Table I reveals that T’s limens for volume are 
throughout the entire series generally smaller than those of 
either P or B, and that the increments of his comparison 
stimuli are less than those of P and B, except in the case of the 


Series 
and 
standard 
stimulus 
I 
0.0 77 
II 
77 131 
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last series. The results for P and B compare favorably through- 
out the experiment, except in the series where 172 served as the 
standard stimulus, in which case the sound was relatively weak 
and B was especially susceptible to auditory distractions. 


Fig. I 


8 


S 
a 
a 
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3 
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50 100 


Intensity of stimulus (mm. on rheostat) 


Average liminal values of the three Os for volume and for intensity with 
decrease in tonal energy from o to 200 on the rheostat scale. The dots 
represent the values obtained through experimentation and the curves are 
approximately the best fitting lines of the liminal values. The upper line 
is the curve of volumic limens; the lower line the curve of intensive limens. 
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All Os agree that there is a gradual diminution in the volume 
of the tone as its intensity is reduced. For T greater volume 
means that the tone “looms up more in consciousness like some- 
thing which is expanding rapidly,” that the tone is “bigger,” 
“occupies more of my field of consciousness or mental horizon.” 
For P greater volume means “larger in height, width and 
breadth,” that the tone “felt larger in the ears and spread out 
more over the temples,” and that it “covers more area on the 
head.” B made her judgments in terms of visual imagery. All 
tones appear as funnel-shaped clouds emanating from a point in 
the space before her; the wider the mouth of the funnel, the 
greater the volume of the tone. Tones of least volume are mere 
streaks of smoke. Of these Os T was the only one who was 
at all influenced by the presence of intensive differences of the 
tones. Upon one occasion, after a judgment on volume had 
been rendered by B, she was asked which of the two tones just 
presented had the greater intensity. Her naive response was, 
“T didn’t notice.” 


The next step was to determine the function for intensity 
for the intensive range just covered for volumic differences, and 
to note just how this function compares with the volumic func- 
tion. The method of procedure was similar to that just des- 
cribed for finding volumic limens. With the stimulus zero on 
the rheostat scale as the first standard, the limen for the categ- 
ory “weaker” was determined by the method of constant 
stimuli. The instructions were to report “‘stronger”, ‘equal’, 
or “weaker,” although, of course, as for volume, no stronger 
(greater) could be obtained under the conditions of the experi- 
ment. When the limens were averaged for the three Os, this 
average was used as the standard for finding the next limen, and 
in this way the range for intensity was stepped off to 147 mm. 
of the rheostat scale (see Table II). At this point another 
method of procedure was adopted. Instead of finding the suc- 
cessive limens in regular order, E found limens at three points 
about equally spaced on the scale, namely, at 160, 180 and at 
200. These limens with those already determined were then 
plotted, and the best fitting curve was applied to the entire 
constellation of limens (see Fig. 1, the lower dots and curve). 
The limens between 147 and 200 were now interpolated from 
the curve in the following manner. The last limen (5) of the 
series of successive ‘‘weaker’’ limens was obtained at 142. The 
new standard for the next series would then be 147. According 
to the curve the limen at 147 is 5. If we add this number to 147, 
the next standard is 152. The limen at 152 as shown by the 
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TaBLeE II 


Psychometric functions of intensive differences of diotically presented 
tones of 1000 dv. Relative frequencies based on 120 judgments for each 
comparison stimulus 


Series Room of 5 Relative frequencies of volumic differences — Average 


and equally under “less limen 

standard separated §S i li in i i 

stimulus comparison order of intensive differences ing, linear. 

stimuli 

mm. Os mm I 2 4 4 5 mm mm 

I T 10-50 15 40 76 107 114 25 

0.0 P_ 10-50 10 34 67 82 96 28 28 
B_ 12-60 21 36 70 86 99 32 

I T 38-78 17 36 75 97 119 54 

28 P 35-63 17 30 61 QI Io! 49 51 
B 35-63 27 42 §3 92 97 50 

Til T 56-76 14 39 73 78 95 64 

51 P 58-86 15 31 52 71 102 75 72 
B 58-86 16 28 44 70 rere) 76 

Iv T 77-97 19 50 85 8698-109 83 

72 P 77-97 13 43 84 102 110 84 84 
B 77-97 32 37 840 94103 84 

V T= 89-109 23 42 76 103 106 96 

84 P 89-109 73 #28 | 6106 98 97 
B_ 89-109 24 36 71 81 99 97 

VI T 102-122 30 53 96 108 118 108 

97. P 101-117 24 52 75 98 116 106 107 
B 101-117 I5 41 62 90 110 107 

VII T 111-127 27 47 82 93 1212 117 

107 P 111-127 27 53 Ot #118 116 117 
B 31 41 «108 117 

VIII T 121-137 32 59 89 104 116 125 

117. P 120-132 19 49 79 102 116 124 125 
B 121-137 34 52 89 97 +112 126 

IX T 128-140 26 45 78 96 104 133 

125 P 127-135 27 56 81 101 115 129 131 
B 127-135 34 42 56 78 # 89 131 

X T 134-146 35 55 80 93 109 137 

131 P 132-136 20 32 46 58 gI 135 137 ; 
B 133-141 87 102 138 

XI T 139-147 25 42 72 92 110 142 

137 P 138-142 35 40 50 82 99 140 142 
B 139-147, 389494 144 

XII T 144-152 26 47 70 76 93 147 

142 P 143-147 34 43 «458 83 102 145 147 
B 144-152 29 32 42 58 85 150 

XIII T 162-170 29 44 72 92 102 165 

160 P 161-165 22 47 «68 77. +97 163 165 
B 162-170 40 41 54 74 92 167 

XIV T 182-190 31 58 £480 94 ‘110 184 

180 P 181-185 50 47 57 88 98 183 184 
B 182-190 34 47° «71 «92 185 

XV T 201-205 29 42 59 85 104 203 

200 P 201-205 34 54 76 94 ‘109 202 202.7 
B 201-205 44 75 9S 203 
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curve was found, and in this way all the remaining standards 
and limens were estimated. The interpolated standards and 
limens follow. 


Standard Limen Standard Limen 
147 177. 6 
152 180. 
156. 184. 

161. 187. 
165. Igl. 
169. 194. 
173. 197. 


The number of intensive limens for the entire range of in- 
tensity totals 26 as against 5 limens for volume over the same 
range. 

The lower function of Fig. 1 shows the limens for intensity, 
and the smooth curve approximately is the best fitting line of 
the dots. By limen is here meant the average limen for all 
three Os. A study of the curve reveals that, as the stimulus 
diminishes from zero to 100 on the arbitrary scale, the regularity 
in decrease of intensive liminal values gives a straight line, a 
relation which indicates a logarithmic relation between psy- 
chological intensity and the degree of the stimulus. From 100 
to 200 liminal values no longer yield a straight line, but lie 
relatively closer together as the stimulus decreases to the 
minimum. The dots represent those liminal values which were 
actually obtained by experiment. 

The Bernstein theory of localization as extended by Boring,® 
which suggested the writer’s earlier experiment’ on diotic tonal 
volumes, implies that intensity and volume are covariants; 7.e., 
an increase or decrease in the intensity of a tone would be ac- 
companied by a corresponding increase or decrease in tonal 
volume. The results of the present study indicate that such 
relationship holds. 

Guernsey® found that Weber’s Law obtains “with a fraction 
of about one-third throughout the middle range of intensities.” 
Our figures show that Weber’s Law applies for tones of ordinary 
intensities (o to 100 on the scale) with a fraction of about one- 
fifth, but that the law does not hold for weak tones. In the case 
of volume Weber’s Law apparently obtains with a fraction of 
about one-fourth, provided we assume that the best fitting curve 
of our volumic limens is a straight line. 


8E. G. Boring, Quart. J. Exp. Physiol., 10, 1916, 86-94. 
7Op. cit. 
8M. Guernsey, this JouURNAL, 33, 1922, 567f. 
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Rich® has shown that Weber’s Law holds for volume as a 
function of vibration-rate, and our results indicate that the 
same law holds apparently for volume as a function of intensity. 

The curves and introspective reports for volume both de- 
monstrate that volume is dispersion. In saying that volume is 
a function of frequency we assume constancy of intensity; 
otherwise intensive differences might have accounted for 
volumic differences. It is probable, however, that intensity did 
not vary greatly in the experiments upon frequency and volume. 
If we follow the extension of the Bernstein theory, volume of 
necessity varies directly as intensity varies. The intensity of a 
tone depends essentially on the energy of the stimulus; and it is 
readily intelligible, if we keep in mind the above theory, that 
the stronger the impulse, the greater will be the nervous ‘dis- 
placement’, and therefore the greater the central dispersion. 


Conclusion 


Diotically perceived tones vary directly in their volumic 
aspect with differences of intensity. These volumic changes are 
of the same nature as the volumic changes which accompany 
changes of pitch. Since the volumic limen is much larger than 
the intensive limen, the two aspects, thus determined, are 
independently variable and must represent separate attributive 
dimensions. At medium intensities changes of intensity occur 
at a relatively slow rate and are accompanied by very much 
slower changes of volume. With weak tones intensive changes 
occur at a gradually increasing rate, whereas there is no apparent 
increase in the rate of change of volume. 


Op. cit., 22. 


A STUDY OF THE “CAUTION” FACTOR AND ITS IM- 
PORTANCE IN INTELLIGENCE TEST PERFORMANCE 


By Wriu1aM M. Brown, Washington and Lee University 


A careful study of the various kinds of scores given in the 
Thorndike ‘Intelligence Examination for High School Gradu- 
ates’ (which was in the present instance taken as a sample of 
current intelligence tests) would seem to lead to the conclusion 
that much more significance is to be attached to the wrong 
answers made by an individual, who is tested, than would at 
first sight appear. Heretofore, the plus scores have been most 
emphasized in all examinations of this character, and present 
practice in scoring leads in most cases to the utter disregard of 
minus scores. Where chance seems to play a large part (as in 
“plus-minus” or “true-false’”’ tests) the common method of 
computing the score is to subtract the number wrong from the 
number right (R—W). 

Thorndike seems to have been among the first to recognize 
that this formula does not completely evaluate the wrong 
answers, and he accordingly provides for a more elaborate 
method of scoring his intelligence examination and a cor- 
responding variety of situations with which the individual is 
confronted. Other devisers of tests have yet to follow his 
example and, for the most part, the question of the scoring and 
interpretation of wrong answers in intelligence examinations re- 
mains unanswered. Certain it is, however, that these reactions 
of an individual possess as much significance in their way as do 
the answers which are scored correct. The difficulty lies in 
finding the objective means for placing an estimate on these 
various types of response. 

In making the present study the writer lays no claim to yen yay d of 
method or of interpretation. The attempt has been made merely to sub- 
stantiate the hypothesis above mentioned and to discover at least some of 
the ways in which ee answers on intelligence tests may be evaluated. 
The question of the further interpretation of correct answers and of items 


not tried has not been undertaken, but it is hoped that this too will be 
studied in the not too distant future by others who are interested in the 


matter. 
Character and the ‘Caution’ Factor 

Ordinarily the terms “cautious” and “rash” are used to 
designate persons of more or less opposite types. If we assume 
the presence of ‘“‘caution” as a trait of human personality, we 
may say that a person, in whom this factor is dominant, is of 
the ‘cautious’, “careful”, or “conservative” type, while one 
who tends to the opposite extreme is commonly called ‘‘rash’”’ 


368 


“CAUTION” AND INTELLIGENCE TEST PERFORMANCE 369 


or ‘careless.’ There seems to be no reason to believe that these 
are not entirely valid distinctions, and, while they differ from 
each other rather in degree than in kind, they nevertheless rep- 
resent more or less definite concepts in each individual mind. 
It may also be added that these concepts are usually thought of 
as belonging to the domain of character rather than to that of 
intelligence. 

Granted the existence of such a trait as we have described, 
we can, at least from an abstract point of view, treat it quanti- 
tatively by measuring its presence or absence in a given in- 
dividual by the use of a percentage scale. On this scale the too 
per cent. point may be taken to represent that point at which 
would be placed that member of a given group showing the 
greatest tendency to be ‘‘cautious’’, 7. e., the most conservative 
member of the group. The most “rash” (or least conservative) 
individual would then be given a rating of zero, and the remain- 
ing members of the group would be distributed in their proper 
order between these two extremes. With such a distribution, 
those persons at the upper end of the scale would be designated 
as ‘cautious’ or “‘careful’’, or at least fairly so, while those at 
the lower end would comprise the individuals whom we ordi- 
narily know as “rash”. It is altogether probable that, if a large 
enough group were taken as a sample, our distribution would 
follow that of the ‘‘normal curve”. The majority of the group 
would then be expected to fall within the middle range of the 
scale, 7. e., between the 25 per cent. and the 75 per cent. points, 
and to be more nearly typical of the average person, who is, iv 
the long run, neither over-cautious nor exceedingly rash. 

Our present limited means for the investigation of character 
traits on a scientific basis make it almost an impossibility to 
undertake a further analysis of the trait which we have just 
described. It may or may not be related to intelligence, though 
the former is most probably the case, since there are times when 
it is necessary for us to know, not only when, but how to be 
cautious. Again, the caution factor may be complex or it may 
be comparatively simple. It may form a part of a “hierarchy” 
of traits, or it may be comparatively isolated. In any event the 
“caution factor” seems to be the simplest term we can apply to 
it, and, though this falls somewhat short of any adequate de- 
scription of the trait or its implications, it seems advisable in 
the present study to use this term for want of a better one. 

There is probably not much difference between the “‘caution 
factor’, as used here, and “‘sagacity’”’, which James? calls the 
“perception of essence”’, ‘the ability to extract characters—not 
any characters, but the right characters’. This he distinguishes 

1B. Hart and C. Spearman, General Ability: Its Existence and Nature, 
Brit. Journ. Psychol., 5, 1912, 51-79. 

*W. James, Principles of Psychology, ii., 1890, 331. 
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from learning, which he calls “the ability to recall promptly 
consequences, concomitants, or implications’. Following 
James, Hollingworth? in speaking of stimulus and response says: 

“Tf the detail which occurs is what we commonly call a significant part 
(of the stimulus), the response is a useful perceptual reaction. The more 
irrelevant the detail responded to, the more lacking in sagacity, and hence 
the more psychoneurotic is the individual to be considered.” 

“Sagacity is, then, the ability to comprehend properly the part in its 
relation to the whole and to discriminate out of a whole the appropriate, 
relevant, or significant details. Failure in sagacity will thus imply a dis- 
position to react to a present total situation by singling out some detail 
of it and reacting to this detail by some total reaction previously associated 
with a whole in which the detail figured as anitem. This is the mechanism 
of the psychoneuroses.”’ 

One more question needs to be dealt with briefly, namely: 
Under what circumstances does this factor, if present in an 
individual, make its appearance? No well-defined situation 
may be described in answer to this question and regarded as a 
typical one. Generally speaking, lack of knowledge, either of 
facts or of method of procedure, coupled with other elements 
which make the situation an important one, such as the neces- 
sity for speed, the urgency of the occasion, and the character of 
the probable outcome, furnishes a sufficient stimulus for the 
activity of the caution factor. It will be observed, moreover, 
that a situation similar to the one just described tends to have 
exactly the opposite effect on the ‘‘careless”’ or ‘‘rash’’ individual, 
who either lacks the caution trait or successfully inhibits its 
action—it is difficult to say which of the two actually occurs. 
If there is such a thing as “resistance to the tendency to be 
cautious,”’ this would operate parallel to the caution factor it- 
self, both being mutually inhibitory, as two pairs of muscles, 
e. g., the flexors and the extensors, in the human body. 

It is, of course, quite possible that the caution factor is 
present in situations which are not at all critical. Our problem 
is not so much the determining of the nature of the stimulus 
which arouses it, as the study of its effects upon the performance 
of an individual in whom it is present as contrasted with that 
of one in whom it is either lacking or for the time being inhibited 
by some other factor or group of factors. 


Character of the Groups Studied 
In order to make the investigation as comprehensive as 
possible, it was thought. best to select for study three groups 
differing considerably in respect to environment and previous 
training. All of the members of these groups had previously 
been tested by the use of one or more of the standard intel- 
ligence tests, and the test papers were in every case carefully 


3H. L. Hollingworth, Psychology of Functional Neuroses, 1920, 21. 
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studied for evidences of the presence or absence of the caution 
factor in the individual’s performance. In Groups I and II 
the attempt was made to study the effect of this factor on 
scholarship, while in the case of Group III the methods and re- 
sults obtained from the investigation of the other groups were 
applied to a number of widely different types of individuals. 


Group I consisted of 375 students in Columbia College, who 
were admitted in September, 1919, and had remained in resi- 
dence for at least one semester. These students were a part of 
a still larger group of 505 candidates for admission, who took 
the Throndike intelligence examination at the same time. 
Some, however, failed to attain the required intelligence rating, 
and others could not be included in the investigation because of 
incomplete scholastic records or unavailability of their intel- 
ligence examination papers. No records of women students 
were studied, and the ages of the individuals in the group were 
those of the average entering class in most colleges and uni- 
versities. 

Group II was composed of 193 children—147 boys and 46 
girls—from Public School No. 192, New York City. This 
school is operated in connection with the Hebrew Orphan 
Asylum and is attended only by the children in that institution. 
The individuals studied ranged in age from 10 to 14 years and 
had all been given the Stanford revision of the Binet-Simon 
test. Some of them had also been tested with the Otis group 
test. The results of these tests were studied in relation to both 
the scholastic performance and the conduct of the children 
composing the group. 

Group III was made up of 166 men who passed through the 
United States Army General Hospital No. 30, at Plattsburg 
Barracks, New York, during the years 1918 and 1919.4 These 
were all abnormal cases, ranging in chronological age from 18 
to 41, and most of them had been in active service with the 
American army in Europe during the World War. On the basis 
of medical diagnosis, these individuals may be classified as 
follows: 

Psychoneurotics (not further specified) 
Epileptics 

Hysterics 

Psychoneurotics (syphilitic) 

Mentally Deficient 


Psychasthenics 
Exhaustion Neurotics 


_ ‘The data for this group were made accessible to the writer by the 
kindness of Professor H. L. Hollingworth, of Barnard College, Columbia 
University. 
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The last four groups include all the available cases in these 
classifications, and hence the small number included in them. 
All of these individuals were required to take certain tests, of 
which the Trabue completion test was selected for study in the 
present investigation. The introduction of this group was for 
the purpose of testing the application of certain facts derived 
from the study of Groups I and II, and hence it was dealt with 
on a somewhat different basis from that used in the other groups. 


Method and Procedure 


In the case of all these groups the wrong answers made on 
the intelligence examination were taken as indicative of the 
presence or absence of the caution factor. For, the giving of an 
incorrect answer to any question, whatever else it may indicate, 
shows that the individual did not know the right answer or was 
unable to recall it at the moment, and yet he gave an answer of 
some sort, which in this case proved to be wrong. When we 
consider the fact that many of the answers, which were scored 
right, must have likewise involved the element of guessing, the 
reasonableness of our assumption regarding the interpretation 
of the wrong answers becomes more evident. For, on the mathe- 
matical theory of chance, in a long series of guesses just as many 
answers are likely to be correct as incorrect. Thus, the full 
significance of the caution factor and the part which it plays in 
any given case cannot be arrived at except by an additional 
investigation of the number of guesses in the correct as well as 
in the incorrect answers. Because of our present very limited 
means for this purpose the study of this phase of the matter is 
necessarily excluded. 


In substantiation of the above observation on the presence of guesses 
in right answers may be mentioned the work of Fullerton and Cattell °, 
who compelled their subjects to guess in deciding which was the heavier of 
two weights when the difference was so slight as to be imperceptible by 
ordinary Fdemameadionah processes. They found that, under these conditions, 
the subject achieved an average of 71 per cent. of right answers instead of 
the conventional 50 per cent. Similar results have been found by other 
investigators.’ Hence, a comprehensive study of the caution factor, taking 
into account caution as displayed in the right as well as the wrong answers 
would probably serve to emphasize the results which we have here obtained 
from an investigation of caution as connected with the wrong answers alone. 


If a large number of wrong answers on the usual intelligence 
examination may be taken as indicative of the absence of 
caution, this is even more true of the minus and zero scores on 
the Thorndike intelligence examination. For those individuals 
who took the latter test, only those parts were studied where the 


5G. 8. Fullerton and J. McK. Cattell, On the Perception of Small Dif- 
ferences, Univ. of Pa. Publications, Phil. Series, No. 2, May, 1892, 127. 

SE. L. Larson, in an unpublished : investigation made at Teachers College, 
found approximately the same results. 
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subject was warned in the test directions that a wrong answer 
would count off from his score.’ It will be seen, therefore, that 
in six of the tests in Part II and all of those in Part Ill any 
guessing which is indulged in must be more or less deliberate and 
may be taken as satisfactory evidence that the caution factor 
was absent in that particular case, in fact, even more so than 
under the usual test conditions. 

It may be objected that, in many instances, the person tak- 
ing the examination gives answers which he believes to be right. 
That is doubtless often the case; but the person in whom the 
caution factor is operating at its maximum would most probably 
refuse to write down any answer of which he was not absolutely 
sure. Lack of the knowledge that he is right, even when he has 
a high degree of confidence in his answer, would tend to make 
the extremely cautious individual omit the item altogether, 
while a less cautious person would in many cases hazard a guess. 
It has, of course, been found that the greater percentage of 
correct answers normally accompanies the higher degrees of 
confidence’, but this rule is not without its exceptions. 


It will be recalled that Thorndike, in the parts of his intel- 
ligence examination used for this study, provides for the giving 
of zero as well as minus scores. Any answer is scored zero when 
it is incorrect and yet not in the class of foolish and irrevelant 
answers. Since a zero answer is for all practical purposes a 
wrong answer, it was thought entirely proper to estimate the 
presence or absence of the caution factor on the basis of the 
total number of both minus and zero scores combined made by 
any individual in those parts of the Thorndike intelligence 
examination which were included in the study. Thus, if a per- 
son made 15 minus scores and 7 zero scores in the examination, 
he was credited with 22 wrong answers, and this figure was 
taken as the ‘“‘caution index” for the members of Group I with- 
out any further attempt at analysis. 


For the individuals of Group II the performance on the 
Binet test was studied for evidences of the operation of the 
caution factor. It was found that the vocabulary test alone 
proved satisfactory for this purpose, as it was the only test 


"For a detailed description of these parts of the Thorndike intelligence 
examination the reader is referred to B. D. Wood, Measurement in Higher 
Education, 1923. 

8For further information on this point see Fullerton and Cattell, op. 
cit.; L. J. Martin and G. E. Mueller, Zur Analyse der Unterschiedsemp- 
findlichkeit, 1899; G. F. Williamson, Individual Differences in Belief 
Measured and Expressed by Degrees of Confidence, Journ. Phil. Psych. 
Sci. Method, 12, 1915, 127-137; E. K. Strong, Jr., The Effect of Length 
of Series upon Recognition Memory, Psych. Rev., 19, 1912, 447-462. 
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which was actually performed by every one of the 193 children 
tested. It was also found difficult to make any estimate as to 
the caution factor in the answers for many of the other tests 
because of the wide latitude allowable in some places (e.g., in 
such tests as the ball in the field, drawing a diamond, etc.). 
Therefore, for the sake of uniformity and for other reasons, the 
vocabulary test alone was included in the investigation. Here, 
since there were specified limits for the different age levels, the 
number of wrong answers had to be considered in relation to the 
total number of words given to the child to define. Some child- 
ren were taken through the entire list, others were given as few 
as 10 or 15 words. It is obvious from these facts that the only 
way of comparing the various individuals for the caution factor 
is in terms of the percentage of wrong answers out of the total 
number possible. Thus, if a child were asked to define 20 words, 
with a total of 10 correct, 5 wrong, and 5 not tried, his caution 
index was determined as 25 (7. e., he made a total of 25 per cent. 
wrong responses). Another individual, however, making only 
5 incorrect responses out of a total of 50 possibilities would be 
credited with a caution index of 10. By this method, of course, 
the person with the smaller index is regarded as having shown 
the larger degree of caution, and conversely. 


Of the children in Group II, there were 88 who also took the 
Otis group test. In these cases the caution index was taken as 
equal to the total number of wrong answers made by the child, 
since the number of possibilities was the same in every case. 
Reducing these results to a percentage basis would not have 
changed the final outcome in any way. 


For Group III the Trabue completion test was studied for 
evidences of the author’s factor. Both ofthe preceding groups 
were fairly homogeneous and showed mental ages such as would 
put them all in the “normal” class. But in the third group, 
composed of men who showed various kinds of mental abnormali- 
ties, the range of the mental ages and the I. Q.’s was too great 
to permit of the treatment of the group as a homogeneous one. 
Furthermore, the variety and amount of material to be found in 
the Trabue completion test made it too limited in scope and 
prevented it from proving as satisfactory for purposes of the 
present study as might otherwise have been the case. But no 
other usable data were available, and the results obtained were 
all the more remarkable, confirming as they do the facts de- 
rived from the study of Groups I and II. It was thought best, 
therefore, all things considered, to represent the caution in- 
dex in this last group in terms of the percentage of wrong 
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completions as compared with the number attempted® and not 
with the entire 24 items of which the test is composed. Thus, 
an individual attempting 10 completions with 8 right and 2 
wrong would receive an index of 20, etc. Here also the larger 
index indicates less caution, as in the case of the Binet test for 
Group II. 


By way of summary it may be said that for subjects taking the Thorn- 
dike test and the Otis group test the caution index was taken as equal to 
the number of wrong answers without further treatment; and for those 
taking the Binet vocabulary test and the Trabue completion test the index 
was expressed in terms of the following formula: 

No. items wrong 


No. items possible 

We are now ready to proceed to a consideration of the method 
used for determining the scholastic index of the groups studied. 
There were no school records available for Group III, and hence 
there are no scholastic indexes for these subjects. For Group I 
the index was computed by transmuting the letter grades— 
A, B, C, D, and F—into their numerical equivalents on a scale 
ranging from 15 to 1 (A=15 and F=1). These values were 
empirically assigned as a result of several years’ experience on 
the part of the Dean’s office of Columbia College. 

The scholastic performance of the children in Public School 
No. 192 is recorded by letters ranging from A to D. Only one 
letter is entered on the permanent records for each child, and 
this represents that child’s general average in his studies for an 
entire half-year. If he is deficient in any subjects, the names of 
these are entered in a space provided for this purpose. Finally 
the pupil is also given a term mark on conduct, likewise indi- 
cated by one of the letters, A, B, C, and D. For both scholar- 
ship and conduct, any grade above C indicates passing, while 
both C and D are unsatisfactory. Strangely enough, a B grade 
may represent anywhere from 60 to go on a percentage scale, 
and this fact made the construction of a transmutation table 
exceedingly difficult. However, after consultation with several 
of the school officials, the letter grades were assigned a numerical 
equivalent on the basis of 10, which represents as nearly as 
possible the actual value of these grades in percentage terms. 
The final results are shown in the Table below. 


Caution index = 


*I have used the word “attempted” here to express an idea for which a 
better expression seems entirely lacking. I hold that it is quite possible 
for one to “attempt” or “essay” "a task mentally without writing down on 
paper the result of such an “attempt” or giving any other very objective 
indication of it. In many cases in Group III an individual wrote no answer 
to some of the items on the Trabue test, and yet it is quite possible that he 
put forth considerable mental effort in trying to discover the correct com- 
pletions. All we can do in such a case, however, is to take the last item, for 
which there is a written answer, as the limit of the individual’s endeavor, 
and estimate the overtly wrong answers as a percentage of this limit. A 
similar observation may be made with reference to the vocabulary test. 
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TaBLeE 
Showing the numerical equivalent for each letter grade as used in 
rating the scholastic performance and conduct of the individuals in Group II 
Equivalent 
Letter Grade Without Deficiencies With Deficiencies 
8.5 


Except in very few instances only the grades obtained in 
Public School No. 192 were used in computing the scholastic 
index for this group, in order that the conditions of the experi- 
ment might be kept as nearly the same as possible for all in- 
dividuals. The half-dozen exceptions to this rule were made in 
cases where a pupil had been in the school for two or three terms 
only, and in such instances it was necessary to add several grades 
from the school last attended in order to obtain a reliable index. 

After transmuting the letter grades into their numerical 
equivalents the total for each child was obtained and divided by 
the number of terms during which he had been in attendance at 
the school. In this way the scholastic index was made to rep- 
resent the pupil’s average performance during the time that he 
was in school. The same may be said of the Columbia College 
students, and a simple inspection of the scholastic index in 
either case tells at a glance the general calibre of the individual’s 
school work. For example, a Columbia student whose scholastic 
index is 10.17, is a B— man, and a pupil in Public School No. 
192, who has an index of 7.34, is a B pupil. 

The intelligence rating for each of the three groups was 
represented as follows: 

For Group I, the total score obtained on the Thorndike intelligence 


examination. 
For Group II, the I. Q. obtained by means of the Stanford revision of 


the Binet test. 
For Group III, the I. Q. and M. A. as obtained from the “team of tests” 


administered by the army psychologists.'® 

In the case of Group II a conduct index was found for each 
pupil by the method already described for obtaining the 
scholastic index, but, of course, no deductions were made in this 
case for special deficiencies. 

10These tests included the Woodworth-Wells Substitution Test, Naming 


Opposites Test (Pintner-Pyle-Whipple), Word Building Test (Pintner- 
Pyle), Memory Span for Digits, Trabue Completion Test (Scale A), and 


the P-N Inventory (Woodworth Personal Data Blank), as well as the 
Army Alpha. See H. L. Hollingworth, Psychology of Functional Neuroses, 
1920, 210ff., and A. D. Tendler, The Mental Status of Psychoneurotics, 
Archives of Psych., No. 60, 1923, 9. 


B+ 8 7-5 
B 7 6.5 
B-— 6 5.5 
Cc 5 4-5 
D 4 3-5 
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Various other data of minor importance were collected, and 
all information was classified as indicated in the accompanying 
Tables. 

TaBLeE IT 


Showing samples of the data obtained for Group I and the method of 
Classification 
Individual ; . No. Minus No. Zero Caution 


9.92 86.4 
Nore: It should be remembered that the caution index as noted in the last column 
above is taken as the equivalent of the total of the minus and sero scores combined. 
III 
Showing the method of classification of a sample of the data obtained for 


Individual Conduct 
No. 


© 


> 
iS) 


64 


6.58 
Nor: Where no figures are given for the caution factor on the Otis test it is be 
understood that the individual in question did not take this test. 


" ex core cores cores ex 

31 15 46 

24 9 33 
40 13 53 

25 8 33 

22 16 38 

21 10 31 

26 6 42 

18 9 27 

16 6 22 

10 31 II 42 
II 23 8 31 
12 22 7 29 
13 32 13 45 
14 26 4 30 
15 8 10 18 
16 14 9 23 
17 16 4 20 
18 19 19 38 
19 21 7 28 

roup 

Schol. I. Q. Caution Index 
Index Binet Otis 

8.40 5-75 96 12.5 pine 

8.33 7.67 82 9.9 52 

8.95 7.50 102 23.5 aor 

8.75 8.00 120 16.7 pistes 

9.00 6.33 98 10.0 noid 

7.88 7-63 103 17.5 94 

8.17 7.67 106 20.0 nea 

7.88 6.44 99 15.0 bia 

8.00 7.44 81 19.2 65 

10 8.00 6.75 7° 43.7 
II 7.25 5.56 71 12.5 32 
12 8.00 7.13 90 15.0 aa 
13 8.33 7.00 81 35-7 — 
14 8.57 6.93 102 20.0 oe 

15 8.00 7.60 110 15.0 
16 7.15 6.65 83 2.2 a 
17 6.80 7.00 97 10.0 

18 8.83 | 80 5.0 
19 7.44 7.22 104 16.0 er 


378 BROWN 


TaBLeE IV 
Showing samples and method of classifying data for Group III 


Individual Caution C.A. M.A. T.Q. Classification 


Psychoneurotic 
” 


Psychasthenic 


” 
” 


Exhaustion Neur. 


” 
” 


Discussion of Results 


As a prerequisite to the making of comparisons between the 
various groups and of interpreting the data obtained in the 
course of the study, considerable statistical treatment of the 
material in hand was necessary. In the main this treatment 
consisted of (1) finding correlations between factors occurring 
in individuals included within the same group; (2) obtaining 
partial correlations of the most important factors studied in 
Groups I and II, these being the caution factor, the scholastic 
performance, and the intelligence rating; and (3) from the 
above, getting a regression equation from which the probable 
scholastic performance of an individual might be predicted on 
the basis of the other two variables, 7. e., the caution factor 
and the intelligence score (or I. Q.). These three steps may be 
discussed briefly in order. 


(1) For the simple correlation between two factors the Pearson “pro- 
duct-moment” formula was used in every case. In order to reduce the 
number of errors to a minimum, the standard tables and the computing 
machine were used for all but the simplest calculations. These correla- 
tions are included in the summary Table below. 


(2) For the partial correlations only two groups were considered, 
namely, Groups I and II. Three variables were used—the caution index, 
scholastic index, and intelligence score (Group I), or I. Q. (Group II). 
Each variable was eliminated or “partialed out” in turn. These results 
are also given in the Table following. 


No. Index 
2 22 18 11:5 72 
3 50 29 13 81 = 
4 47 27 9 75 ze 
5 37 27 8 50 
6 22 8 81 
7 18 28 13 81 
8 35 21 13 44 Epileptic 
9 12 23 18 112 3 
10 13 20 16 87 a 
II 17 26 12:6 59 a 
12 22 29 on 106 ul 
14 17 19 11:6 72 
15 15 29 13 50 | 
16 40 25 14:1 62 
18 8 25 17 69 
19 12 28 13 94 | 
20 18 26 11:5 103 
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(3) The usual procedure was followed in finding a regression equation 
from which the probable scholastic performance of a given individual might 
be predicted on the basis of his caution index and his intelligence score (or 
I. Q.). This equation was determined for scholarship only, as it has no 
practical value for the prediction of the other variables. The equation for 
each group is given below. 


For Group III the only correlations practicable were those 
between the caution factor and the M. A., on the one hand, and 
between the caution factor and the I. Q., on the other. There is 
a singular coincidence in the case of the results obtained here, 


TaBLeE V 


Summary oF CoRRELATIONS 
Between GroupI Group II 
Scholastic index and caution index 
Scholastic index and intelligence score 452. -40+ .04 
Intelligence score and caution index .40+. 43.04 
Scholastic index and caution index with intel- 
ligence score excluded .02+.05 
Intelligence score and caution index with scho- 
lastic index excluded .22+. -41.04 
Scholastic index and intelligence score with 
caution index excluded -39. .38+.04 
Caution index and time required for Parts II 
and III of the Thorndike intelligence examina- 
tion (N = 132) .09O+. 
Scholastic index and no. minus scores .24. 
Scholastic index and no. plus scores 10+. 
Scholastic index and value of minus scores 
Scholastic index and value of plus scores .22+. 
No. of probations and caution index (N = 40) 
Conduct index and caution index .07+.05 
Scholastic index and caution index (Otis) 
(N =88) -49+.05 
Nors 1. All correlations and P. E.’s were carried to two decimal places only, and this 
accounts for the apparent lack of variation of the P. E. in some of the cases listed above. 


Nore 2. On the assumption that, in ‘‘true-false’’ tests, the chance element operates 
to make half the ae right and half of them wrong, the number of wrong scores was 
doubled for Part II, test 8, in the Thorndike intelligence examination and the experiment 
was tried of correlating the changed caution index with the scholastic index. The result 
showed a correlation of .26-+.03 as compared with the original .27 -++.03 (see above), thus 
making no appreciable difference in the figures already obtained. 


TABLE VI 


Showing the range and the average of the M. A., I. Q., and caution index 
for each of the sub-groups included in Group III 
Classification No. of M. A. I. Q. Caution Index 

Individuals Rang Avg. Range . Range Avg. 

Psychoneurotics (not 

further specified 68 7:1-18 12:7 44-112 9 0-84 
Epileptics 8 -18 12:11 50-113 .9 0-77 
Hysterics 8-17:5 12:7 58-109 .I 0-76 
Psychoneurotics 

(syphilitic) 8 -17 13:7 50-106 .7 0-53 
Mental Defectives 7 -I4 8:11 42-65 .8 5-83 
Psychasthenics 5 10-18 14:0 63-118 .6 0-37 
Exhaustion Neurotics 5 10-18 13:4 62-113 .2 0-45 
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although for the second correlation the number of individuals 
was only 127 on account of the incompleteness of the available 
records. The correlations are as follows: 


Between caution index and M. A., r=.60+.03 (N =165) 
Between caution index andI.Q., r=.61-.04 (N =127) 


An interesting comparison might also be made between the 
various smaller groups comprising Group III. Because of the 
small number of individuals in some of these sub-groups, no 
extensive conclusions may be drawn, but in Table VI are pre- 
sented the range and the average for each sub-group in respect 
to M. A., I. Q., and the caution index together with the number 
of individuals included in each classification. The reader’s at- 
tention should again be called to the fact that a low caution in- 
dex always indicates the presence of the trait to a high degree, 
and conversely. 

Significance of Results 


For the most part there is singular agreement between 
Groups I and II in the matter of correlations. For both groups 
the correlation between the scholastic index and the caution 
index is the lowest, being .27 +.03 and .15 +.05 respectively. 
Between the scholastic index and the intelligence score" a 
correlation of .45 +.03 was found for Group I and one of .40 +.04 
for Group II. The same groups show a correlation of .40 +.03 
and .43 +.04 respectively between the caution index and the 
intelligence score. While the correlations are all somewhat low, 
we may conclude that the caution factor seems to have little 
influence on an individual’s scholastic performance, though it 
does seem to affect his score on an intelligence test. This is the 
premise with which we started, and there can be little doubt 
that the caution factor, as a rule, plays no inconsiderable part in 
intelligence test performance. 

The correlations between the intelligence score and the 
scholastic index are as good as the average correlations between 
the same factors obtained by Wood”. His highest correlation 
(.672) was obtained with a somewhat selected group chosen 
from the individuals included in Group I of this study. It may 
be said, further, that his data for determining the scholastic 
performance of his group covered a period of two years instead 
of three, and the increase in the size of the group plus that of the 
number of scholastic grades included in the present investiga- 
tion may be regarded as, in some degree, accounting for the 
lower correlation of .45+.03 obtained in this case. Some 


“The expression “intelligence score,” as used here, includes also the 
es Q., — was used to indicate the intelligence rating of the members of 
roup II. 


2B. D. Wood, op. cit. 
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equally low correlations have been found in other studies." 
In any event, we may say that the general intelligence of a 
person as measured by his I. Q. or his score on the Thorndike 
examination is an important factor in his scholastic performance. 


As to the partial correlations, the low figures obtained with 
both groups between the scholastic index and the caution index, 
with the effect of intelligence eliminated, seem to show that the 
“cautiousness” or “rashness” of an individual does not affect 
his school standing. But note that this is true in the long run, 
and it is entirely possible that, since the normal distribution 
curve may be assumed for the caution factor, the “rashness”’ 
which is manifested by a person in one situation may be com- 
pensated for by considerable ‘‘caution” in another situation. 
In the correlation mentioned above, where the effect of intel- 
ligence was not eliminated, the same general tendency seems to 
be present. 

With the results of schooling ruled out, the two groups show 
a considerable difference in the effects of the caution factor on 
the intelligence score. For Group I the correlation is .22 +.03, 
while for Group II it is .41+.04. This difference is probably 
due to various causes, among which may be especially mentioned 
the wide variation between the two situations in which the in- 
dividual is tested. The Thorndike test is administered as a 
group test and the individual in question must make the deci- 
sion as to whether he will guess or not. But the Binet test is ad- 
ministered by an examiner, who directly confronts the subject. 
Hence the personal equation enters greatly into a situation of 
this kind. In addition, many examiners consistently urge the 
child to guess, even though he says “I do not know”; and he 
is told repeatedly to “try” or “try again”, as the case may be. 
In such instances, therefore, the number of wrong answers 
would, other things being equal, in all probability be much 
greater as compared with the number of correct answers or with 
the total number of items on the test than would be the case 
under other circumstances. 


If now we eliminate the effect of the caution factor, the cor- 
relations between the scholastic index and the intelligence score 
are found to be .39+.03 and .38+.04 for the two groups. 
Hence, while the correlations in each case are in very close 
agreement, the two sets of figures do not show a very appreciable 


1388ee E. Gordon and H. J. Baker, Intelligence Tests and Academic 
Standing, Journ. Applied Psych., 4, 1920, 361-363. These writers studied 
the I. Q.’s of 44 students at the University of Michigan as correlated with 
their scholastic performance by courses. The highest correlation obtained 
was .55, with several others much lower. In a similar study with 48 college 
students Caldwell found a correlation of only .44 between I. Q.’s and 
scholastic performance. See H. H. Caldwell, Adult Tests of the Stanford 
Revision Applied to College Students, Journ. Ed. Psych., 10, 1919, 477-487. 


q 

4 
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difference. This fact would seem to indicate that little would be 
gained by the elimination of the caution factor from intelligence 
test performance, at least as far as predicting probable scholar- 
ship is concerned. 

The other correlations presented in Table V possess a less 
marked significance. For Group I there seems to be little re- 
lation between the speed with which the intelligence examina- 
tion was taken and the caution factor, 7. e., a fast-working in- 
dividual does not necesarily show any less caution than a slow- 
working person of the same intelligence. 

If we take the number of minus scores alone as indicative of 
the presence or absence of the caution factor, we get for Group 
I a correlation of .24 +.03 with scholastic performance, as con- 
trasted with one of .27+.03 when the minus scores are com- 
bined with the zero scores to make the caution index. For a 
large number of cases either method of determining the caution 
index would probably be satisfactory. 

The correlations in Group I between scholastic performance 
and the number of plus scores, the value of the plus scores, and 
the value of the minus scores taken in turn are all too low to 
enable us to draw any satisfactory conclusions. 

A correlation of .7t +.05 was obtained for 40 individuals in 
Group I between the caution index and the actual number of 
times each was placed on probation during the time in which 
he was in college. This would tend to show that the “rash” 
person is more likely to get on probation than the ‘‘cautious”’ 
one, but the number of cases examined is too small and the 
method of treating probations is too unsatisfactory to make any 
such conclusion a valid one. 

In Group II a correlation of .o7 +.05 seems to show no re- 
lation between conduct and the caution factor in the case of 
public school children. This is in agreement with the general 
results for the same group between scholarship and the caution 
factor, and may probably be explained in the same way (see 
above). 

A correlation of .49 +.0o5 for 88 persons in Group II be- 
tween the caution index, as determined on the basis of the Otis 
group test, and the scholastic index may be explained by the 
fact that the number of individuals is too small for general con- 
clusions. A larger group might be expected to reduce this 
correlation, causing it to conform more closely to those ob- 
tained from the use of the Thorndike and the Binet tests. 


“This statement should be explained further by calling attention to the 
fact that it is practically impossible to get an adequate index of the number 
of times a student is placed on probation. Some students are admitted on 

robation, while others are not, and in no two successive years is the num- 
Se of probation periods exactly the same. 
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The equations as determined for the purpose of predicting 
the probable scholastic achievement of individuals when their 
intelligence score and caution index are known are as follows: 


For Group I we have: 
X1=2.72+.02 X2+.06 X; (P. E. = +1.3) 


For Group II: 
X1=4.04+.002 X2+.03 X3 (P. E.=+.45) 
In each case X,=scholastic index 
X:=caution index 
3=intelligence score (or I. Q.) 
An inspection of the formulae will show that for Group II the 
caution index is a negligible quantity in predicting and the 
equation may, therefore, be written: 
X1=4.04+.03 X;3 (P. E.=+.45) 
In the equation for Group I the intelligence score is three times 
as valuable for predictive purposes as the caution index. 

In order to make the equations entirely reliable the P. E. 
should in each case be multiplied by 4 (assuming the normal 
curve). On this basis we find the range of variability to be 
+5.2 on a scale of 15 points for Group I, which is too large for 
practical use. For Group II the range is considerably smaller, 
being but +1.8 on a scale of 10 points. Predictive results ob- 
tained by means of these or similar formulae might be used to 
advantage by school authorities in determining the probable 
scholastic achievement of those who apply for admission, and 
this would be an additional factor to the information now 
generally employed in evaluating and rating the candidates for 
admission to colleges and other schools. 

For Group III the correlations between the caution index 
and the M. A., and also between the caution index and the 
I. Q., are rather high (.60+.03 and .61+0.4 respectively). 
The difference between the P. E.’s here is due to the fact that, 
because of defective records, only 127 cases are included in the 
second correlation. In general, the caution factor seems more 
evident in persons of high intelligence than in those lower down 
in the scale. This is to be expected, especially when a group 
test is given to individuals with a range of intelligence extending 
from very low to very high, as was the case with Group III. 
It is conceivable that, where such discrepancies between indivi- 
duals exist, the less intelligent ones, in addition to whatever 
natural propensities toward “rashness” they may possess, are 
spurred on by the activity of the other individuals taking the 
test and hence make more guesses than they might otherwise 
do. In a more intellectually homogeneous group this condition 
would not be so emphasized as where wide variations are pre- 
sent in intelligence levels. 


| 
i 


384 BROWN 


No valid comparison may be drawn between the various 
sub-groups of Group III, because of the small number of in- 
dividuals which some of them contain. In Table VI are given 
the range and the average of the M. A., the I. Q., and the caution 
index for each sub-group, from which the reader may make his 
own deductions. The most interesting point seems to be the 
fact that, although the ranges vary widely in their limits, the 
average caution index shows little variation from sub-group to 
sub-group, with the single exception of the Mental Defectives. 
Here we find an average caution index of 33.9, which is ap- 
proximately twice as large as that for the other sub-groups. 
This is still further evidence to substantiate the hypothesis put 
forward in the preceding paragraph. 

As an illustration of the differences occurring in scholarship 
between persons with a high caution index and those with a low 
caution index the following may be mentioned: a group of 16 
individuals making a low average caution index and one of 17 
individuals making a high average caution index, although all 
were of approximately the same intelligence as evidenced by 
their scores on the Thorndike intelligence examination, showed 
a difference of 8.6 points in favor of the more cautious group as 
regards their average scholastic performance. 

Further instances comparable to the above are presented 
below, all indicating that the cautious individual (7. e., the one 
with the lower caution index) stands higher in scholarship. 


TaBie VII 


Showing difference in caution indexes and scholastic indexes of pairs of 
individuals, both with approximately the same intelligence score 


Pair No. Intelligence Caution Schol. Diff. in 
Index Index Schol. Index 
I 74.8 : 5.69 
74.6 
2 d 1.90 


1.95 


3 
4 2.27 
-37 


While the correlations obtained were not high enough to show 
that the cautious individual invariably excelled in scholarship, 
they nevertheless served to indicate that the trend is in that 
general direction. 
One other example of a slightly different type may be given. 
Two brothers made scores on the Thorndike examination of 
111.8 and 104.4, with caution indexes of 16 and 12 and scholastic 
indexes of 12.77 and 10.90 respectively. The difference of 1.87 


88.2 29 8.17 

90.0 12 7.20 


“CAUTION” AND INTELLIGENCE TEST PERFORMANCE 385 


in scholastic performance would not be expected from an in- 
spection of the small differences to be noted in the case of the 
caution index and the intelligence score. An examination of 
the scholastic records of the two individuals showed that the 
one with the lower scholastic index had been compelled, on ac- 
count of sickness, to be absent from four examinations in one 
semester. Thus the difference in scholarship is to be explained 
on this basis rather than on that of the caution factor or the 
general intelligence level. 


Conclusions 


(1) The cavtion factor seems to have some influence on 
scholastic performance, though this fact is more marked in the 
case of Group I than in that of Group II. In all probability 
this difference is due to the differentiating character of the situa- 
tions placed before the individual taking the Thorndike intel- 
ligence examination as contrasted with the average type of 
situation found in other standard tests. 

(2) There seems to be a fairly well-defined relationship ex- 
isting between an individual’s score on an intelligence examina- 
tion and the caution factor, largely because this relationship is 
made to exist by the technique of scoring employed in dealing 
with the wrong answers, which, as has been shown, form the 
basis for computing the caution index. 

(3) A still closer relationship than the above may be noted 
between the scholastic performance and the intelligence ratiag 
of an individual, and this result is in accordance with the results 
previously obtained in this connection by other investigators. 
The caution factor has apparently little influence on the cor- 
relation in this case. 


(4) The caution factor seems to influence conduct and the 
o_o for the performance of a given task only slightly, if 
at all. 

(5) The number of the minus scores and the value of the 
plus scores on the Thorndike examination show some relation- 
ship to scholastic performance, but here, as well as in the case of 
the number of plus scores and the value of the minus scores, 
the correlations are too low to permit of any definite statement 
- to how or to what extent scholarship depends upon any of 
these. 

(6) The regression equations for predicting scholarship on 
the basis of the intelligence score and the caution index have 
been actually used on various individuals and found to be re- 
liable in every case within the range of the P. E. In the equation 
for Group II, it will be remembered that the caution factor 
played such a small part that it was dropped from further 
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consideration; but in the case of Group I it was found to be 
worth approximately one-third as much as the intelligence score 
for prediction purposes. This fact may again be due to the 
difference in character between the Thorndike test and other 
tests for intelligence. 

(7) In general, the results of the study tend to show that 
the cautious type of person, other things being equal, is more 
likely to excel in scholastic performance than one of the opposite 
type. This statement seems to be borne out by the illustrations 
already given in both group and individual cases. 

(8) Further investigation is needed to show the operation of 
the caution factor in fields other than that of scholastic per- 
formance. 

(9) The combination of intelligence tests with those now 
used for testing character traits should be a feasible extension 
of the use of tests. Emotional tests, such as the Downey “Will 
Profile’, might be combined with some one of the present well- 
known intelligence tests, allowing, of course, for suitable modi- 
fications in each wherever they might appear necessary. Sug- 
gestibility tests, tests of aggressiveness, etc. require the use of a 
certain amount of intelligence on the part of the person taking 
them, just as intelligence tests on their part show unmistakable 
evidences of certain character traits. If there is, therefore, this 
degree of overlapping, the possibility of devising tests which 
will furnish an objective basis for estimating both intelligence 
and the most important character traits at the same time is by 
no means a remote one. Entirely new tests may be devised for 
this purpose without specific reference to those already in use, 
or some more or less modified combination of the latter may be 
employed, or even the intelligence examinations as they now 
stand may be further studied for evidences of character traits, 
as has been done in the present instance. 

(ro) Following the analogy of Hart and Spearman and of 
Webb," who have introduced the concepts of the ‘g’ and ‘w’ 
factors as forming the basis of intelligence and character in 
general, it is suggested that specific character traits, as they are 
recognized and studied, be denoted by letters of the Greek 
alphabet, and that accordingly the caution factor be called the 
“Zeta” factor or by some similar name. 


4B. Hart and C. Spearman, op. cit.; E. Webb, Character and Intel- 
ligence: An Attempt at an Exact Study of Character, Brit. Jour. Psych., 
on. Suppl., 1, 1915, no. 3. 


DOES BEHAVIORISM IMPLY MECHANISM? 


By Wiuson D. Wats, University of Minnesota 


The reader will recall the instance of the German who went 
to Paris, and thought the French a queer people because they 
insisted on calling bread du pain. This seemed to him very 
foolish, for, by whatever name they might call it, was it not 
Brot? Changing one’s language is not easy, and until the new 
language is acquired in some completeness it has meaning only 
when translated into the native tongue. Yet changing the 
language need not change the significance, however impossible 
as a medium of expression the new language may seem to one 
not versed in it. Some of the critics of Behaviorism dislike the 
new language, and will not accept it at the assessment which its 
users give. The philosophy of such critics seems to run in this 
wise: Only material bodies behave; therefore behaviorism must 
be a phase of materialism. My thesis is that the behaviorist 
may be as idealistic as the best—or the worst—of his critics; 
and that a large proportion of the misunderstanding of Behavior- 
ism must be put down to an indisposition to accept the new 
tongue, and an unwillingness to take the words in the behavior- 
ist’s sense. 

Behaviorism, however, means much more than attaching new 
words to old situations; it is in large part a new view of old 
situations. What it succeeds in doing, or at least aims to do, 
is to furnish for previously incommensurable things, objective 
and subjective, belief and fact, intention and conviction, a 
common denominator in terms of which all may be compared. 
A common denominator does not abolish old differences, but 
merely restates them in new form, in a form in which comparison 
is possible. Under the new form the old differences are present 
as truly as ever they were, but we can now state the degree of 
difference and not merely the fact of difference. The advantage 
of Behaviorism over introspection or subjectivism, for example, 
is not that subjective-objective differences are abolished, but 
that they can be adequately appreciated. To infer otherwise 
were as if one supposed that three-fourths lost its difference from 
seven-eighths as soon as the former denominator became the 
latter. 

The latest example of this confusion of meanings—as it 
seems to me—is McDougall’s Outline of Psychology, wherein 
Behaviorism is opposed to purpose and made almost synonomous 
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with mechanism. His own examples ought to furnish enlighten- 
ment. Behavior, it is true, is just behavior. Some behavior is 
non-purposive, some is purposive. 


McDougall makes this clear, and then proceeds to identify 
purpose with foresight of the end on the part of the agent. This 
is to confuse the nature of the act with consciousness of the 
nature of the act. It can not be known as purpose unless some 
one knows it as purpose; but why insist that the agent must be 
the knower? Must the pigeon be aware of the purpose to propa- 
gate when he embarks on a career of courtship admirably 
adapted to secure the end which we foresee? Is it not accidental 
whether the purposive agent is aware of his purpose, and is not 
his awareness of it quite irrelevant to the question whether or 
not his activity is purposive? The life-history of every individ- 
ual gives the story from another point of view and in other 
sequence. We strive for life long before we know that we are 
striving; were it not so, we should not live to know. We act 
purposively long before we are aware of our purpose; otherwise 
there would be no mature we to be aware of what we are about. 
Millions of individuals show a will to live, and few there be who 
are aware of it; nor is that will to live made more real by their 
becoming aware of it. Such knowledge no more changes the 
nature of their purpose than an acquired knowledge of anatomy 
changes the number of vertebrae or of endrocrinal glands. Why 
do the psychologists write psychologies if not to show us truths 
about ourselves which we did not know before? New knowl- 
edge may instil new purpose, but the converse also is true. 


The behaviorist would allege that we are because we do and 
what we do, introspection notwithstanding. The real motive, the 
real force, is that which manifests itself. How otherwise we can 
know it, and how we can know more than that, is what puzzles 
him. He would look askance at McDougall’s definition of 
instinct as “enduring innate dispositions, which generate im- 
pulses to action the mainsprings of human conduct,” if by 
this we mean that instinct is something over and above the 
organism which is acting, as McDougall again and again implies 
and says that it is. “Instinct makes us do this and that,” he 
would say, as though instinct is a separable force opening flood- 
gates or actively prodding us this way or that. This is like the 
earlier view of gravitation as some all-pervading force which 
holds the planets in place and tugs at all material particles. 


Such a force of gravitation there is not, or at least we know 
it not. It is not gravitation which pulls bodies, but the pull of 
bodies is what we designate by the name of gravitation. So it 
is with instinct. We do not do things because we have instincts, 
but we have instincts because we do them; which is merely an- 
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other way of saying that certain prevalent modes of behavior, 
performed spontaneously and without learning, are assigned to 
the category of ‘instinctive.’ The reifying of instinct is but 
making an entity out of a class name. 

We sympathise with McDougall’s inability to follow the 
mechanists and with the extent to which he would read purpose 
into mental activity of almost every sort, our remembering as 
well as our learning. Mechanically minded behaviorists fall far 
behind McDougall in their effort to extract the meaning of be- 
havior. 

To view behavior as just behavior seems meaningless, and I 
think the behaviorists would so regard this attitude. For them, 
as for other people, some sorts of behavior are of more signifi- 
cance than are other kinds; and only purposive behavior is 
significant. How the behaviorist is to behave toward the 
phenomena of behavior is a problem as well as a fact, and all 
behaviorists’ behavior is not of equal value. 

Indeed, one behaviorist, reviewing McDougall’s diatribes 
against Behaviorism, behaved in such a manner as almost to 
merit the name of misbehavior. To interpret his review of 
McDougall as just behavior on the part of a behaviorist might 
be true, but would not be enlightening. One obtains a much 
more enlightening insight into the action of the aforesaid critic- 
behaviorist by reading McDougall’s purposive psychology than 
by reading the current behaviorist psychology. 

The explanations of action which many of the behaviorists 
give we can no more accept than can McDougall. Suppose, 
for example, that the behaviorist wishes to give an account 
of why I proceed from the street to my house. He—or some 
of them—will say that it is because this foot goes before that, 
with certain muscular pulls and nervous stimulations which 
combine to plant my feet before the door. In a word, by 
studying the details of the action they profess to be able to ex- 
plain the outcome of the action. Such an ideal is futile. A 
detailed study of this kind will show how the action is per- 
formed, but will not tell us why. It is not because one foot is 
placed before the other in alternation that I am proceeding to- 
ward the door, it is rather because I am proceeding toward the 
door that one foot goes before the other, so many paces to the 
front, so many to the left, then again forward. Only the com- 
pleted action explains the details of the action, for the act is 
in no sense a summation of the activities which make consum- 
mation possible. The walking is the result of my going to the 
house; I do not go to the house because I am walking. Walking 
may be a necessary condition, but is not a sufficient one. To 
be explained, the act of going to the house must be classified 
with similar acts of going to the house. Even so the real signifi- 


390 WALLIS 


cance of it may lie in the fact not that I am going to the house, 
but that I am going after my revolver to blow out my brains. 
And this may not be its final significance, for perhaps I am 
irritated at my insurance company and want revenge by making 
them pay up to my widow. But before we have settled on this 
as the significance of the act of going to the house, the neurolog- 
ist tells us that my mind was deranged, melancholia gripped me, 
and the insurance company was only the convenient present 
hallucination, in lieu of which some other would have served 
equally well. In a sense each one of these interpretations of my 
purpose would be true, but that interpretation is most signifi- 
cant which gives the surest anticipation of my conduct. That 
action is purposive which leads in the main, or in a certain pro- 
portion of cases, to further action or state of being which can be 
predicted as probability but not as certainty. One result of 
my footfalls upon the walk is to send tremors through every 
structure in the city in which I live, but this can not be called 
my purpose, since it happens whenever I walk and whenever 
any one else walks. No such invariable result of an action can 
be accepted as the purpose of the act, and no psychological 
significance attaches to an act which has such invariant con- 
sequences. This, of course, does not mean that the act must 
succeed in order to be purposive; its nature is determined by its 
class, not by its accidents. My one successful throw of the dice 
does not demonstrate me a skilled man, and a failure in business 
enterprise does not show that I lack business acumen. The 
character of similar acts determines the character of the one in 
question, and the results of similar acts determine whether the 
one in question is purposive or non-purposive. 

This does not mean that I value idea or ideal above fact, but 
that fact as fact is meaningless. To one who insists that a fact 
is a fact, the sufficient answer is, What of it? We are sometimes 
as assured of inference as of fact of observation. Let me give an 
instance. 

In my office there is a skeleton some 6 ft. high. I know it 
for that of a man. I examine the articular surfaces of the long 
bones, the mandible, and the teeth. I know that it once was 
part of a living human being who walked and who ate. I did 
not see him while alive, and so far as I am aware no one livingsaw 
him alive, and no record exists that such a person was once a 
walking, masticating human being. That does not diminish in 
the least my assurance, nor that of any one who has mastered 
the elements of anatomy, in the fact that he once lived and 
moved and ate. Suppose a few million people gave me sworn 
testimony that they knew the said person in the flesh, but that 
he never walked nor ate. This one skeleton confutes them all, 
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for it could not be as it is if it had not been as I describe it, wit- 
nesses notwithstanding. If this is good science, it is also good 
psychology. 

In a similar manner, though not with the same surety, we 
may infer purpose where no purpose is seen save as it is inferred. 
Certainly it is not necessary that the agent foresee the purpose. 

Behaviorism would escape, if that be possible, a discrete 
world of incommensurable parts by seeking, let us say, a con- 
crete world of commensurable parts. It does not see only things 
to the exclusion of events, nor form to the exclusion of function. 
It does not proceed piecemeal, as if reality were got only by 
adding up the elements of which the world is made, as if the 
sum of the parts could give the whole, when obviously in many 
eases it can not do so. To understand man we must under- 
stand mankind. Mankind can be viewed as one historical de- 
velopment extending through thousands of years, making that 
development a unit as truly as if these years were so many 
seconds. The significance of any bit of human behavior must be 
determined by its relation to this larger comprehensive unity. 
Behaviorism needs this point of view as much as does idealism 
or subjectivism. Behaviorism can proceed profitably only when 
it moves in the light of the larger unit within which the details of 
behavior fall. One can not discover the significance of the be- 
havior of the human organism, nor even its behavior, by adding 
up the function of the hand, that of the heart, and so on, until 
all the component parts have been included. The behavior of 
any organ must be treated in the light of its relation to the 
entire organism and to the respective parts of that organism. 
Similarly, to understand man the individual, we must start with 
man the species. Into the metaphysical problem how this is 
possible I am not now concerned to inquire. 

So far as results are concerned, Behaviorism seeks a new 
plane of procedure quite as much as it seeks new methods of 
procedure. Its methods are as much open to question and to 
verification as are the methods employed in any field of re- 
search. How Behaviorism should behave is as much a problem 
as how mind should think, and one which the behaviorist 
can not escape by persisting in that kind of behavior which 
merely observes and records behavior; for, by his own showing, 
subjectivism is as truly behavior as is the procedure adopted by 
the behaviorist. His only defence would seem to be the pur- 
posive one that subjectivism is a form of behavior which does 
not vield as much truth or profit as his own objective method. 
He can defend his position only by being purposive; and one of 
the most important things for the behaviorist to point out is 
the significance of the differences which lie within the realm of 
behavior. 
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In asserting the dependence of behavior on organism there 
follows no inference that behavior is impelled in a mechanistic 
fashion by the machinery in which it is incorporated. An auto- 
mobile loose and an automobile driven by a man are each of 
them mechanistic at any moment of the process; but in the 
process taken in its entirety the one acts solely according to 
mechanistic principles, the other as a mechanism under the 
control of man, illustrating a type of behavior which is supra- 
mechanistic if the man be included. If we compare the man 
with the automobile as to type of behavior, we find that the 
significant differences are not in quantity of action but in quality, 
in variability of reaction not in complexity of reaction. A 
steam-engine is much more complex than an amoeba or a 
paramoecium, but in the living organism we find a different 
kind of unit-reaction measurable by conduct leading to self- 
preservation. The engine has only one reaction to fuel or 
potential fuel, the amoeba has many toward food or potential 
food. From the point of view of structure and of reaction to 
stimulus, a stone differs from a badger not in simplicity of struc- 
ture and of reaction to stimulus, but in the invariant reaction 
under the same conditions, and as merely enduring rather than 
preserving self. 

The mechanist critic may here object that we are positing 
something, namely self-preservation. That is true. But is not 
‘invariance of reaction’ merely an ideal and in no sense, at least 
in no empirical sense, a demonstrated ‘fact’ of science? Does 
science have empirical knowledge that under the same con- 
ditions the same stone will fall always with the same velocity 
and in the same direction—if there is a same direction—or is 
this not merely a postulate or concept justified by the results 
which follow from assuming it? Similarly, purpose, aim, self- 
determination, self-preservation, are postulates justified by 
their utility in anticipating behavior. 

The living organism is mechanically constructed, but the 
driver of the machine is the machine itself, and its variance of 
reaction shows that it is not mechanistically determined. There 
is no vital principle, but there is a vital organism; no drive as 
such, but a driving organism. The organism threads its way 
through its environment as the pilot of an aeroplane chooses 
the path of the aeroplane, operating at every moment in a 
rigidly determined mechanistic world, but not mechanistically 
determined in the drive through that world. There is no in- 
dependence of mechanism, but there is control of mechanism. 
Matter does not make mind as particles make the aggregate 
or even as bricks make a house or cogs a machine: the arrange- 
ment, rearrangement, the dynamic, is through material sub- 
stance, but performing a non-material function; and function is 
not matter. 
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Behaviorist psychology need not dispense with function. In- 
deed, so far as it is profitable, it can not do so. The processes 
called forth in walking do not make walking; it were nearer the 
truth to say that it is walking which brings into play the pro- 
cesses, truer physiologically, biologically, psychologically. Func- 
tion develops organism as truly as organism function. From 
first to last behaviorist psychology can be put into terms of 
purpose, and we venture the prediction that the time is not far 
distant when some psychologist will do this. 

The advantage of proceeding on the solid ground of behavior 
is that of presenting objective and verifiable data; on such data 
inference must be based, whether the behavior be taken as 
constituting mind itself or as being only a manifestation of 
mind in these media. 

“But,” we are told, “a lobster is, after all, only a bit of 
chemical composition.”” To which one might reply: “Then why 
call it a lobster?” 

What is meant when it is said that a lobster is merely a 
chemical composition? It means, we are assured, that a com- 
plete description can be given in terms of carbon, hydrogen, 
etc., and the arrangements and quantities of the respective 
chemical elements found in the lobster. We submit that such 
a complete description is no description of lobster but merely 
of the chemical composition of lobster. It tells us too little 
about his politics, ethics, or nature philosophy. It gives us 
information about his chemical composition, and thai is all. 
No analysis of the chemical composition of lobster will enable 
the chemist to predict the behavior of that animal. The psy- 
chologist who studies the behavior of the creature will have a 
much better line on the future behavior of lobster than will the 
chemist who knows the elements of which it is composed. No 
conceivable insight into chemical composition will give us an 
understanding of organic activity. The chemical ‘explanation’ 
is no explanation at all; it is merely a statement after the fact of 
the conditions prevailing when certain organic activity takes 
place. The explanation of the disaster of the European war 
is not that a number of human organisms were in the way of 
guns which kept pointing at them; the explanation of the point- 
ing of the guns lies in the human organisms which were making 
use of these weapons. There is a sense in which it might be said 
that men were on the defensive because guns were after them; 
but the explanation of the situation produced by the guns lies 
not in the guns but in the men using them. 

So with lobster and its carbon and hydrogen. To be sure, 
there would be no lobster without these elements; neither would 
these elements be present in that particular time and space 
order except for lobsters. Lobsters did not make them, but they 
utilize them. 
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To say that a lobster is only a chemical composition is com- 
parable to saying that a book is only a certain number of pages 
in a certain order. That is correct, so far as we speak of pages 
and of order. But the statement is meaningless to one who 
inquires about the respective merits of books, to one who asks 
about principles of library classification, to one who inquires 
about literary value, or about language. We state facts, but 
facts of an order which do not assist in answering our query. 

As a philosopher I am not much enlightened by the state- 
ment that Kant and Spinoza differed little because they had 
the same chemical composition with slightly different arrange- 
ments in quantity and quality. Nor am I much enlightened by 
the statement that another chemical activity was stirring when 
Spinoza wrote the Tractatus Politicus than when he was writing 
his Ethica. I am, in fact, not much more enlightened than if 
I am told that when the former work was composed a whale was 
caught by an Eskimo in Greenland, and when the second was 
under way an Iroquois Indian caught three moose. I am de- 
lighted to learn the coincidence of these events, but do not feel 
that they shed a flood of light on the differences between the 
Tractatus and the Ethica. I am not even able to say when 
Spinoza is likely to repeat his venture, or when similar chemical 
— in some other philosopher will be followed by a similar 

thica. 

Chemical activity and organic activity are facts of different 
orders, and the one can not explain the other. As well say that 
since each individual has specific weight and unique position in 
the universe a combination of these two explains the uniqueness 
of his thought. It would do so, and does do so, in so far as that 
combination enables us to predict his thought, to come upon 
results by reason of the key. But empirical issues show us that 
no such key is supplied by a combination of space and of time. 
One must reckon with other factors if one wishes to make pre- 
diction about the language or thought of a man, and these 
culture-features, though in space and time, are not of them,— 
that is, can not be inferred, or predicted, from reckonings in 
these dimensions. Only through observing the behavior of men 
can we understand the behavior of men, not by studying their 
avoirdupois, stature, or chemical composition. Mathematically, 
every sentence can be analysed into a number of words, but num- 
ber of words is not its meaning. They may be its vehicle, but 
they are not its meaning. 

In place of ‘words’ and ‘sentence’ substitute ‘chemical com- 
position’ and ‘organism’, and the analogy holds. The chemical 
elements are the vehicle, but they are in no sense the explanation 
of the behavior of the organism. That behavior can be under- 
stood only by reference to behavior. Even a material object 
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like a building is not merely the sum of the things of which it is 
composed. Bricks in a certain order and arrangement are at 
least a requisite of a building, considered as a purely material 
thing. A specified order is accidental, in so far as by building we 
mean not merely arrangement of bricks but an arrangement 
utilized for a specific purpose. Arrangement of bricks in the 
building does not constitute the purpose for which the building 
is used, though it may be indispensable to that purpose. In- 
deed, it is the purpose which explains the arrangement of the 
bricks, rather than the other way about. This is as true of the 
bodies of living organisms as of objects made by man. As J. A. 
Thomson says: ‘‘We cannot give any mechanical re-description 
of the origin of really new mutations, nor of the way in which 
the chick is minted and coined out of the egg, nor of the in- 
genuity with which animals play the hand of cards with which 
they have been endowed.” 


Some critic not much interested in the disputations between 
behaviorists, mechanists, and introspectionists, will say that 
what I have written may be about psychology but is certainly 
not psychology. But is this not the very point in dispute? By 
all means let us get on with psychology. But what is psychol- 


ogy? How one answers this question depends, it seems to me, 
and must depend, upon one’s philosophy of mind and body, of 
life and mechanism. To close our eyes to the problem is not to 
answer it. To proceed with a psychology is to proceed on some 
implication as to method and data, and the implication may as 
well be made explicit. 


To sum up: The manifestation of mind is mind. The be- 
havior of living things by variant reaction to similar situations 
and by the fulfilling of a will to live sets them apart from ma- 
chines and from material bodies which merely endure or pass 
through fixed cycles of activity which can be accurately fore- 
seen, once we are acquainted with the cycle and its con- 
ditions. Purpose must be read into actions in order to get it out 
of them; its utility as a device in anticipating behavior is its 
justification. The reality of the purpose is independent of 
knowledge of it by the agent. The more inclusive our schemes 
of purposes the greater our insight, the more far-reaching our 
predictions, and the greater the value of our point of view. The 
individual must be studied as member of its class in order to 
understand it, and the purpose must be related to other purposes. 
Our final aim is significance and meaning. 


IS PRIMACY A FACTOR IN ASSOCIATION-FORMATION 


By G. B. Wetca and C. T. Burnett’ 
Bowdoin College 


The experimental problem discussed in the following pages 
concerns the question whether the first object in a series of 
sequent impressions is, solely by virtue of its priority, more 
readily recalled. In current terminology this problem becomes 
the following: Is primacy a determining condition (a ‘“‘law’’) of 
association-formation? 

This question is of some interest, because a few psychologists 
have answered it affirmatively. Seashore? remarks: “The 
answers to these questions are to be found in the secondary 
laws which are laws of neural action or habit. Four of these 
are: primacy, frequency, intensity, and recency. Other things 
being equal, the first or primary association will dominate.” 
In his recently published text-book occurs the following: 
“Other things being equal, the stimulus of a given character 
having once established a circuit, this path offers less resistance 
and will be followed thereafter: this is the law of primacy.’”* 
Take the following from Hunter‘: “These secondary laws of 
association are frequency, recency, vividness, primacy, emotional 
congruity, similarity, and cause and effect.” ‘Primacy refers 
to the first neural connection made. Common opinion testifies 
to the ready recall to mind of first loves, first dances, first days 
in the army, first battles. First neural associations are evidently 
important.”” Miinsterberg® says: ‘The results also indicate 
that the pair which is given first in the series has a certain ad- 
ditional chance. This points to a fourth principle. Besides 
frequency and importance, the newness of a connection, which 
characterizes the beginning of a series, also offers strong chances 
for the reproduction. In every group of life experiences that 
which comes early influences our memory almost as much as 
that which comes last.” 


1Responsibility for this work is divided as follows: Welch performed the 
experiment, and worked up the results. Burnett suggested the problem 
and prepared this report. 


2C. E. Seashore, Elementary Experiments in Psychology, 1908, 123. 
3C. E. Seashore, Introduction to Psychology, 1923, 183. 

‘W. S. Hunter, General Psychology, 1919, 287f. 

5H. Miinsterberg, Psychology General and Applied, 1914, 120. 
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None of these authors except Miinsterberg makes any 
reference to experiments supporting these assertions, and he in a 
merely general way, indicating the manner of experimentation 
that yields the asserted results. 


Chief Experiments 

Materials. A disc tachistoscope, as described in G. M. Whipple’s 
Manual of Mental and Physical Tests, (2nd ed.) Part 1, 265. A metronome. 
A series of cards containing nonsense syllables (white gummed capital 
letters on a black ground). The syllables were made unpronounceable in 
order to equalize, as far as possible, associations that might be found by 
the Os. The letters x, y, z, and q were used frequently for the same reason. 
The list of series follows: 
VXG HTL DVT RBF WQK XSD QWS 
VDT HKR TMQ FJS 
TDV HCX DTJ RCF 
TGV HZC DGM FHW 
QRW SXJ DRH CJQ 
WPR TBR FSX CMH 
LPV TMS SQN PRD 
WMZ JNQ SZM NDR 


SNARES 


Special Conditions of Experiment. The tachistoscope was set up in the 
manner described by Whipple, with the opening adjusted for an exposure of 
600. The O was given the following directions: 


“You will be shown a series of printed syllables through the opening 
before you. You may repeat in mind, or give attention to, in any way that 
you please, the syllable that has just been exposed. But, and this is 
important, as soon as the next syllable appears you must cease to give at- 
tention to the ones that have gone before. As soon as the syllable dis- 
appears you will drop your gaze to the white chalk mark at the bottom of 
the apparatus. The signal to raise your eyes will be ‘Ready.’ After a 
series has been shown you will print in the spaces on the blank those syl- 
lables which you can remember. The signal for this will be ‘All right.’ 
Remember, you may think about a syllable as much as you please until the 
next one appears. Then, you must give your entire attention to the new 
syllable.” 


The practice syllable (RTB) was shown to the O in order to accustom 
him to the apparatus. 

The time of exposure (i.e., from beginning to end) of a series of 8 
syllables was 1 min. This time was kept constant, within 1 or 2 sec., by 
means of the metronome. 

The following questions were asked at the end of the experiment. 
(1) With what degree of confidence did you approach the experiment, and 
how confident are you of results? (2) Did you use any systematic pro- 
cedure for remembering? Make this answer complete and illustrate from 
syllable remembered. (3) Was there anything which interfered with your 
doing your best? 

Method of Scoring. Unit credit is given for each syllable correctly re- 
membered. On account of the frequent occurrence of x, y, z, and q it seems 
inadvisable to give half-credits if two out of three letters in the syllable 
were remembered. Simple addition of the syllables will give a reliable 
index regarding the factor to be determined. 
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Results. These are given in the following Table. 


TaBLe I 


Date 1921 (1) (2) (3) (4) (5) (6) 
Oo I I 2 


Cousins, F. E. 
Mendelsohn, M. 
Clymer, W. F. 
Strout, R. S. 
Cousens, T. W. 
Badger, R. G. 
Averill, F. G. 
Hardy, M. 
Christie, A. Q. 
Grenfell, E. 
Gilpatrick, G. S. 


Burnell, T. 

Towle, C. S. 

Love, R. B. oO 
Totals 


The graph shows combined results for all Os. The order of 
syllables is represented on the abscissae and the number cor- 
rectly remembered on the ordinates. 

The graph shows, allowing for individual differences, that 
syllables 1-6, inclusive, were remembered to about an equal ex- 
tent. It is only when the 7th syllable is reached that any im- 
portant change in the number remembered is apparent. With 
the 8th, the increase is very great. 

Conclusion. These results show, in general, that the first 
syllable in a series is remembered less than most of the others, 
and that recency preponderates overwhelmingly. In this con- 
nection it should be stated that, in many cases, the O wrote 
down the last syllable immediately upon being given the signal 
to write. 


Ne NNOCOCH NOCH ONNWH HO 


NNN 
ORR OH HO Om OWN 


4 
I 
I 
2 
I 
I 
I 
I 
I 
2 
I 
3 
I 
I 
2 
I 
I 
2 
9 


HOM OC OmMONNNOH 


59 142 389 


w 


Why Primacy Should Have Appeared to be a Factor 
in Association 
In the Bowdoin laboratory in 1919 an attempt was made by 


H. W. Lamb to test the validity of the four alleged laws of 
Primacy, Frequency, Recency, and Vividness, by use of 6 Os. 
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Name (8) total 

Vose, J. 12 
Ham, E. B. ss 25 
Davis, G. T. i 17 
Smith, D. ‘i 18 
Watson, J. Jan. 5, 1922 20 
21 
15 
” 12 
” 14 
Jan. 10 II 
” 18 
” II 
” 20 
” 10 
6 
Jan. 12 6 
Hanscom, R. D. 18 
Bates, R. T. a 18 
Hunt, E. W. “i 15 
Blanchard, R. E. Jan. 17 13 
French, E. K. 4 20 
Ricker, S. W. 10 
Beck, H. W. 10 
15 
17 
17 
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Material. This consisted of 8 series of nonsense syllables in’ white 
gummed letters on a black background, as follows: 
DAC LER GIX SEB 
YIB PEZ RYV HON 
FAL ZED NIM VOT 
FIP JYX SOJ NIV 
CUK BAZ WIV SIJ 
KEC CES TUV RIF 
RON KET PEM YIX 
FIK LEP CIB HAR 
As the syllables were shown in an order indicated to the reader by read- 
ing the series above from left to right, it is easy to see how the factors of 
Primacy and Recency were provided. One syllable in each series was re- 
peated, to provide Frequency. Twice this repeated syllable coincided with 
the first, and any resulting preference shown by Os for this syllable had 
to be credited as divided between the two factors. Vividness was provided 


140 


variously and never twice in exactly the same way, by a strip or figure of 
white or colored paper placed adjacent to or behind the syllable or by a 
small gummed picture, embossed in colors, placed adjacent. Every syl- 
lable in turn was thus treated and in irregular order, except the last. If 
then, preference of any O fell on the one syllable in which Primacy an 

Vividness coincided, the resulting credit had to be divided. That these 
modes of providing vividness may have provided distraction instead, in 
some cases, seems indicated by the second Table below. 

There were, thus, on the 8 cards 29 “weighted” and 27 “unweighted” 
syllables. The syllables of each series were on a single cardboard strip 
9 x 56 cm. sliding in a frame behind a flap-covered opening about 4 x 6 cm. 
Time was kept by a metronome. 

Method. Starting the metronome and giving a warning signal “Ready” 
to bring the O’s gaze to the center of the flap, E gave each syllable an ex- 
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posure of about 1 sec. with about 1 sec. between exposures for adjustment 
of the card. He lifted the flap from behind the frame with his left hand, 
and slid the card with his right along the holder. The frame was so con- 
structed as to conceal all manipulations from the O. At the close of each 
series the O recorded all the syllables he could remember from the just 
preceding series. No directions were given to him for dealing with the series 
during exposure other than that he was to fix in mind as many as he could. 
Scoring. One credit was given for each syllable correctly reported, and, 
also, for the few syllables in which a mistake of one letter was such as might 
ae eee if the O was holding on to the sound, not the look, of that 
syllable. 


Results. These are shown in the following Table. 


II 
Relative Significance of Factors in Association 
Primacy Frequency MRecency Vividness Unweighted 
Given: 39 Given: 42 Given: 48 Given: 45 Given: 162 
Total Total Total Total 
Recalled % Recalled % mages % Recalled % 


7 
3 
6 
4 
I 


2 
4. 
2 
6 


44 23.5 56 3 
Total no. weighted syllables given =174 


recalled =91 
% = 52. 

From this Table two things appear. (1) All four factors 
investigated are genuine factors in association, each one being 
shown by the percents to have a recall value superior to that 
of the unweighted syllables. (2) Primacy is as important as 
Vividness, but each is much inferior to Frequency and Recency, 
the latter ‘topping the list. 

III 
Relative Significance of Factors in Association 
Primacy Frequency Recency Vividness 
Given: 71.5 Given: 77 Given: 88 Given: 82.5 
Total Total Total 
Recalled % Recalled % Recalled % 
Mitchell 


Sullivan 
Philbrook 
Eldridge 
Totals 64 4 56 
Total no. weighted syllables given =319 
Total no. weighted syllables recalled = 155 % recalled = 49 
Total no. unweighted syllables given = 297 
Total no. unweighted syllables recalled = 58 % recalled = 20 


66 


NANUNS 
Ann wn 
wn 
onp ow 


Claff 
Noyes 5 3 2 5 
Asnault 5 4 15 
Goff 5 5 14 
Guptill 1.5 
Coombs 3 18 
19.5 43 58 36 
Kunkel 2.5 
Whitney 
Allen 3-5 
Healy 2 
Dannis 2 
Bramson I 
Ross I 
8.5 22 
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In 1921, M. O. Waterman repeated these experiments with 
the same material on 11 Os, using the same method as before. 
The results are given in Table III. 


In this Table it appears that (1) all four factors investigated 
are genuine factors, each showing a recall-value superior to that 
of the unweighted syllables; and (2) Primacy is first in value, 
Frequency and Recency following at values about equal to 
each other, and Vividness far in the rear. 

A comparison of Tables IT and III shows (1) mutual confirma- 
tion on the main questions at issue; (2) a marked lowering of 
value for Primacy and Vividness, amounting practically to an 
elimination of the latter, as shown by comparison with the value 
of unweighted syllables. This result is perhaps not surprising, 
in view of the ambiguous nature of the means for producing 
vividness. 

Here, then, on the value of Primacy, we have a complete 
contradiction of the results contained in the first Table of this 
report, and a complete agreement with the authorities whose 
statements were quoted at the beginning of the paper. In both 
cases presumably, and certainly in the experiments bere re- 
ported, the difference in the value assigned to Primacy was due 
to a failure to control the procedure of the O during the experi- 
ment. In particular, he was allowed to repeat the earlier 
syllables of a series while the later were being displayed. Thus 
an opportunity was given for repeating the first syllable a 
greater number of times than any other. If one remembers a 
large number of these first syllables, that result might be due to 
Frequency. In our experiments on Primacy, with which this 
report opens, the factor of Frequency has been eliminated. The 
directions given to this end were specific; and each O gave his 
word that he would and did follow them exactly. The intro- 
spection offered nothing to invalidate the Os’ oral assurances. 
Those who did not fulfill conditions in this respect were not in- 
cluded in compiling results. 

Hunter’s reference to first loves and first dances suggests 
that the apparent effect of Primacy might be the real effect of 
Vividness. However, that the first syllable gained no advantage 
from this or any other factor is shown by our results. 


Summary 


The foregoing experiments seem to show that there was good 
reason to regard Primacy as a factor in association until ex- 
perimental control was obtained over the O’s tendency to 
“think backward” during the exposure of a series to be re- 
membered. When this tendency was prevented, by the co- 
operation of the O, the alleged effect of Primacy disappeared. 


EXPERIENCES DURING LEARNING TO SMOKE 


By Cuaristian A. Ruckmick, Wellesley College 


The literature on the general topic of smoking tobacco does 
not appear to contain any studies of the initial experiences while 
learning to smoke. Careful scrutiny of the bibliography which 
accompanies the most recent book! on the effects of smoking 
tobacco reveals no title that indicates an analytical account of 
the earlier experiences which are involved in forming the habit. 
One of my professional colleagues when questioned about the 
matter pointed out the desirability of publishing my notes which 
were taken during the first few attempts at smoking. Few 
psychologists, he said, were trained in introspective methods 
when they began the practice of smoking. 

Two definite advantages may be seen in making an analysis 
of consciousness under these circumstances. (1) The effect of 
tobacco on the psychophysical organism has been observed on 
men and the lower animals. Certain objective data are avail- 
able, but the parallel subjective phenomena are not at hand. 
First evidences of definite mental effects would fortify or con- 
tradict assertions made on the basis of purely bodily reaction. 
This is especially true because, unless caught in the early stages 
of appearance, the adaptive mechanism of the body later would 
eliminate both the mental and bodily symptoms. Genetically 
we should have a picture of this type of consciousness in its 
progressive stages of development rather than a composite 
whole in which the elements are fused or lost. The following 
passage shows a typical approach from the physiological side, 
but also in several instances the need and the possibility of 
subjective corroboration.” 

“Often when physically and mentally fatigued, a few minutes with a 
pipe has apparently so relieved me that I have been able to read and write 
without any sense of fatigue for along time. This I believe to be due to the 
fact that tobacco smoked in moderate doses contracts the small arteries 
by stimulating the vasomotor nerves and the unstriped muscle in the 
vessel walls. This results in a slight rise of blood pressure and a more 
active arterial circulation. Tobacco has the same effect upon the unstriped 
muscle of the gastro-intestinal tract. This slight contraction of the smaller 
blood vessels and increased blood pressure continues for a considerable 
period of time and is, therefore, a tonic rather than a stimulant effect. 

“On the other hand, carried beyond the physiologic effect the toxic effect 
of tobacco when overused is apparently the direct opposite, inasmuch as it 
seems to have a depressing effect upon the vasoconstrictor centers and 
nerves with resulting lower blood pressure, nausea, general relaxation, and 
the opposite of stimulation or of tonic effect. 


1M. V. O’Shea, Tobacco and Mental Efficiency, 1923, 237-252. 
Tbid., 42-43. 
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“The statement I have made concerning the tonic effect of tobacco, the 

stimulation of the vasoconstrictor nerves and of the unstriped muscular 
fiber, is based upon clinical observation and also upon animal experimen- 
tation.” 
(2) Psychologists have for some time been concerned with the 
organic group of sensations. There is a considerable amount 
of interest accumulating concerning the réle of the motor and 
organic processes as backgrounds of various experiences like per- 
ception, emotion, and thought. I have myself written out in- 
trospective accounts of many emotional experiences in which I 
have found organic sensations of various textures playing a 
leading part. There is no need to emphasize here the tradi- 
tional importance of the organic sensations in the theoretical 
explanation of emotion. Not only in rhythmic perception, 
where kinaesthesis is fairly prominent, but in ordinary percep- 
tions has analysis shown the prominence of these processes. 


“Tn all the experiments we have found a predominance of kinaesthetic 
and organic factors over visual sensations and imaginal processes.’’ 


In regard to the thought processes as long ago as 1909 Titchener 
stated that the problem, or Aufgabe, as well as the meaning of 
conscious experiences, may find a vehicle in the kinaesthetic or 
organic group of sensations: 

“T am keenly alive to the importance of organic sensations and, as I 
shall show in a moment, to that of reduced or schematic kinaesthetic 
attitudes.’’ 

Lately the psychological literature has given birth to statements 
intimately linking these sensations with the acquisition of 
meaning in learning experiments. 

The apparatus used was a new French briar pipe with red- 
manol tip. It was therefore not “broken in’. Those of my 
friends who are accomplished smokers have intimated that the 
apparatus was doubly exacting in its demands on the subject: 
(1) that a pipe, as compared with a cigar or a cigarette of 
average strength, presents the severest test to the organism, 
and (2) that a pipe whose bowl is not caked with burnt tobacco 
is the worst of all in this respect. The tobacco was an excellent 
grade of mild, unmixed Virginia leaf. Another condition operat- 
ed directly against my best intentions, so I was later told: I 
wanted to weaken the effect by only partially filling the bowl 
with tobacco. Subsequently I was advised that a full pipe 
provided a cooler smoke, and that in “breaking in” pipes 
greater comfort can be obtained by slightly moistening the 
bowl of the pipe. 


8A. S. Rogers, An analytic study of visual perceptions, this JouRNAL, 
28, 1917, 519-577. 

‘E. B. Titchener, Experimental Psychology of the Thought Processes, 
1909, 179; also 180-182. 
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The observations began with the first trial on June 18, 
1923 at 9 a. m. with a room temperature at 81°F. I had just 
finished lecturing to a large advanced class and found myself 
in good mental and physical condition, perhaps a bit exhilarated. 
There were no signs of fatigue, nervousness, discomfort, or 
irritation. By the time I began to smoke the mood was calm 
and agreeable. 


After a few inspirations, there appeared rather warm and 
pricky pressures in the throat region, a fairly hot and painful 
group of sensations on the tip of the tongue, the characteristic 
odor of tobacco smoke, and a general bodily experience of un- 
pleasant strain. A number of times the throat irritations in- 
duced coughing. Very definitely localized strain sensations at 
the sides of the head then came,—a tension specifically in the 
temporal region, but apparently just inside the scalp, a gentle 
pull without quivering or aching. The throat was bound a 
little more tensely and with slight pain. In about one minute 
there gradually appeared a form of pleasant dizziness which was 
felt. as a dull suffused ache. It was localized, as nearly as I 
could make out, at the bottom of the brain-pan. This was one 
of the most interesting parts of the experience, because it spelled 
lassitude and pleasant, mild abandon which spread over the 
entire inner head region and ultimately over the superficial 
muscles of the body. A drowsy mood soon supervened. 


In a few minutes, although the room was only moderately 
warm, fairly profuse sweating of the forearms set in. Organic 
sensations referred to the pit of the stomach, or just above the 
navel, were distinctly felt; they were not painful. They were 
characterized by a dull muscular pressure, but not so diffuse as 
is usually felt in the large muscular groups. Soop there were 
gaseous “rumbles” in the intestinal region with the customary 
slight organic pressures, and then a fairly distinct call to de- 
fecation, which was not heeded and which disappeared without 
further attention. It was mildly pleasantly toned. 


The next sensations that emerged were palmaesthetic® 
vibrations in both hands together with coolness, localized first 
in the hands and then slowly over neighboring cutaneous areas. 
A sort of diarrhoeal shivering went over the body several times 
in waves of quick succession. I also noticed that the veins 
stood out on the backs of the hands and on the lower forearms. 
A slight tendency to belch was present, and the taste and smell 
of tobacco were prolonged. 


The first period of smoking lasted about 10 min. and was 
followed by a period of self-satisfied .relaxation,—a sort of 


5K. Dunlap, Elements of Scientific Psychology, 1922, 99-101. 
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vegetative existence, with freedom from strain and effort, an 
attitude of composure and a feeling of glorified self-importance, 
which gradually wore off. 

At 9 p. m. of the same day the observation was repeated in 
the same manner and with the same method. There were 
fewer unusual experiences. Again a slight irritation in the 
throat and burning sensations on the tip of the tongue occurred. 
A bitter taste was quite prominent. Sooner than before came a 
general feeling of relaxation, more adequately described as 
lassitude and well-being accompanied by mild and pleasantly 
toned dizziness. No visual “swimming” was apparent, but there 
was a gentle “reeling” tendency without any distinct motor ac- 
companiments. I could easily walk across the room without 
any conscious effort to maintain a steady gait, but there was 
some pleasantly colored anticipation of uncertainty in this re- 
gard. A curious anomaly thus appeared. The uncertainty of 
control should ordinarily be an unpleasant experience; but I am 
certain that, whenever this feeling came over me, it was wel- 
comed in the sense that I abandoned myself to it. It meant 
irresponsibility, absence of concern for the immediate personal 
future, but withal a fairly steady and orderly stream of as- 
sociations. If I can faithfully recall an experience of slight 
abandon following the use of intoxicating liquor, I am sure that 
the state of uncertainty of coordination is there also pleasant; 
but there is a pronounced difference. The intellectual functions 
do not reign with the same composure, are not nearly so orderly, 
nor in general so acceptable as they were in the investigation here 
described. Naturally each of the instances cited counts for 
one and not for more than one. The results of future investiga- 
tions will offer a check against our data. 


The palmaesthetic sensations, consisting as before of vibra- 
tory tinglings, were now much fainter. No organic complexes 
were noticeable as distinct experiences, although there was a 
general organic group of sensations, diffusely localized, which 
formed a background to the pleasantly toned sensations of 
mild tension in the head. These kinaesthetic sensations were 
again vaguely localized just above the nasal passages in the 
head, roughly below the brain, and occupying a fairly broad area 
which extended almost to the eyes. 

All told, considerable attention was directed throughout to 
the operation of smoking. Part of this prominence was due, no 
doubt, to the self-imposed task of analyzing the experience; but 
much of it was naturally due to the elementary stage of the 
learning process. On the third occasion, at 9 a. m. of the 
succeeding day, most of the disturbing itemis of the experiences 
described above were lacking. The “biting” and the heat 
sensations from the tip of the tongue were still there, together 
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with the bitter sensations from the tobacco. Faint sensations 
of dizziness appeared, and also a general feeling of calm and well- 
being. There had been a moment of exhilaration, but it 
promptly gave way to composure and a tendency to relax the 
voluntary muscles. In fact muscular tonicity appeared, intro- 
spectively at least, to be reduced. 

At subsequent trials a feeling of relaxation and pleasant 
composure remained with the “biting’’ sensations on the tip of 
the tongue as the only unpleasant feature. The repetitions of 
smoking were hereafter irregularly distributed. The “biting” 
sensations were gradually reduced to zero, and all that persisted 
was the feeling of bodily relaxation and mental composure, both 
pleasantly toned, and represented by a very obscure group of 
organic and kinaesthetic sensations. Of course, as always, the 
irrelevant tactual and olfactory sensations from the tobacco, 
together with a slightly bitter gustatory sensation which to me 
is usually quite pleasant, came with every smoking experience. 
Ideationally I felt much more ‘‘clear-headed”’, illusory as that 
may have been, during the operation of smoking. There seemed 
to be time to consider problems coolly and carefully, without 
hurry or confusion. The ideas that came seemed for the most 
part also to win approval, both then and later. 

Summarizing, we may remark that it was both interesting 
and illuminating to observe the processes which passed in review 
when the human male organism was given a dosage of tobacco 
in smoked form for the first time in its life. While the physiol- 
ogical eliminating processes were under way, organic and 
kinaesthetic sensations were prominent and somewhat unpleas- 
ant. Relaxation developed at once. At first it took the form of 
dizziness and slight incapacity for adequate motor coordination; 
later it became a reduced motor tonicity. At no time was the 
mind ideationally confused; on the contrary it appeared extra- 
ordiaarily clear. The mood was then calm and abandoned. 
The unpleasant features of the experience were practically re- 
moved after the third attempt. 


A BIBLIOGRAPHY OF RHYTHM 
(Third Supplementary List) 


By Curistian A. Rucxmick, Wellesley College 


This list continues the bibliography begun in 1913! and sup- 
plemented on two subsequent occasions.? The entire compila- 
tion now comprises, together with the following 189 titles, a 
total of 714 references to the subject of Rhythm in all of its 
varied aspects. The introduction to the last supplementary 
list outlined the arguments for making the scope of the biblio- 
graphy as broad as possible. No adequate reason for changing 
our policy in that regard has presented itself. The new com- 
pilation therefore contains the more important publications in 
the field of rhythm as applied to music, literature, aesthetics, 
and the biological, physiological, and psychological sciences. 
Small treatises, that were ‘rhythmical’ in name only, or insigni- 
ficant musical ‘methods,’ e.g., ‘rhythmical exercises’ for piano 
fingering, where no substantial advance on the subject is made, 
have been omitted from the list. On the other hand, items that 
had either been overlooked, or were not known to the compiler 
when the previous lists were made, are added to the present 
bibliography. Again, as before, we invite criticism and co- 
operation. While the catalogues and bibliographical works of 
reference for the various countries have been searched, and while 
several large academic and metropolitan libraries have been 
used to advantage, there must still be important omissions and 
probably some faulty citations. All such additions and cor- 
rections will be welcomed for the next supplementary index. 

The compiler has had the friendly assistance of several in- 
terested librarians at Wellesley College, at Harvard University, 
and at the Boston Public Library. Some preliminary work was 
also done by H. J. Fisher, a graduate student at the State 
University of Iowa, and by J. Scheidenhelm, a senior at Welles- 
ley College. For the material help of these persons and for the 
intellectual encouragement of his colleagues who have urged the 
continuation of the work, the compiler is deeply grateful. 


Aiken, C. Function of rhythm, Dial, 65, 1918, 417-418. 

Andrews, C. E. Rhythm of prose and of free verse, Sewanee Rev., 26, 1918, 
183-194. 

Andrus, E. C., and Carter, E. P. The genesis of normal and abnormal 
cardiac rhythm, Science, 58, 1923, 376-379. 


1This JOURNAL, 24, 1913, 508-519. 
*This JOURNAL, 26, 1915, 457-459; 29, 1918, 214-218. 
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Anonymous. Some musical analogies in modern poetry, Mus. Quart., 6, 
1920, 127-157. 
Jaques-Dalcroze and the conquest of rhythm, Arts & Dec., 12, 
1920, 192-194. 
Jaques-Dalcroze and the teaching of plastic music, Cur. Opin., 68, 
1920, 496-498. 
. Primitive rhythm in American verse, Lit. Dig., 78, 1923, 23. 
Freeing of rhythm, Liv. Age, 37 1923, 366-367. 
Armfield, M. Rhythmic shape, Berkeley, C AT ae 1919. 
Austin, M. H. The American rhythm, N. Y., 1923. 
Bainbridge, F. A. The relation between respiration and pulse-rate, J. of 
Physiol., 50, 1920, 192-202. 
Ball, J. D. Rhythms and rhymes in Chinese climes; a lecture on Chinese 
poet: ry and poets, -~- Kong, 1907. 
re d’Aurevilly, J. Rythmes oubliés, 1909 
Bard, L. Les bases physiologiques de la oe du temps, J. de psychol., 
19, 1922, 119-146. 
Barnes, P. T. Fireflies flashing in unison, Science, 49, 1919, 188. 
Barneville, P. de. Le rythme dans la poésie francaise, Paris, 1898. 
Bassett, S. E. Versus tetracolos, Class. Philol., 14, 1919, 216-233. 
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FRANZ BRENTANO: A BIOGRAPHICAL SKETCH 


By Mario Pueuisi 


Franz Brentano, as his name tells us, was descended from an 
Italian family.'! Tradition relates that a knight named Brenta- 
nus occupied in 1166 a castle on the river Brenta in the Italian 
Tyrol. This castle was destroyed toward the end of the year 
1250; was rebuilt by Tebaldo da Brenta; and was again destroyed 
by the Caldomazzo family. There dwelt that Nicolé da Brenta 
who lived in constant feud with the famous Ezelino da Romano. 

The name da Brenta appears for the first time in 1465; later 
it was changed to Brentano. In the seventeenth century, on 
account of wars and pestilence, the family of the Brentano di 
Tramezzo, from whom Franz was descended,—propter multifaria 
praeclarissimarum virtutum suarum specimina, as his family re- 
cord has it,—left their native land to settle in the Rhenish pro- 
vinces. 

Franz Brentano was born in Marienberg on the Rhine, 
January 16, 1838. His father, Christian, was a writer of ability; 
his mother, Emilia Genger, was a pious and highly cultivated 
lady. In the circle of his nearest relatives are found the il- 
lustrious names of Savigny, Clemens Brentano, Sophia Laroche, 
and Bettina von Arnim. Franz was but thirteen years old when 
he lost his father. From his early youth he showed an unusual 
bent for study, and a marked vocation for the religious life, for 
which his mother lovingly educated him. He went first of all 
to Berlin, where he lived with his uncle Savigny, to attend the 
university courses in philosophy. Here he made the acquaint- 
ance of Trendelenburg, whom he always regarded with grateful 
affection,—grateful, in particular, because Trendelenburg 
taught him to appreciate Aristotle. In the autumn of 1856 he 
registered in the philosophical faculty of Munich, where he came 
to know and to esteem the great historian of the church Ignatius 
Déllinger, at that time one of the greatest orthodox theologians 
of German Catholic Romanticism, and one of the most subtle 
and courageous critics to suffer excommunication in the last 
century. From Munich he went to Tiibigen where he took his 
degree, July 17, 1862. In the same year he published his first 
work, dedicated in gratitude to his teacher A. Trendelenburg: 
Von der mannigfachen Bedeutung des Seienden nach Aristoteles,— 
a work which shows how profound a knowledge of the great 
Greek philosopher Franz Brentano had even then acquired, and 


1Cf. Genealogisches Taschenbuch der adeligen Hauser, Briinn, 1877. 
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how deep rooted was his predilection for the thinkers of anti- 
quity. On August 6, 1864, he assumed the priestly habit; and 
in 1866 he became lecturer in the University of Wiirzburg, where 
he was the center of a large group of devoted students. But in 
the spring of 1870 he found himself at the most serious crisis 
both of his religious life and of his philosophical activity. 


If, toward the end of 1864, we could have made our way 
within the grim, white, silent walls of the Dominican Convent at 
Graz, and could have watched in his cell the tall figure of the 
young priest, his pale face crowned with flowing black hair, his 
eyes full of light and fervour, who passed a great part of the 
long winter nights in silent adoration; if we could have seen him 
submitting himself rigorously, to the admiration of the monks, 
to the unusual severity of their rule; and if we could have seen 
him again a few years later, tortured by the grief that he had 
beer forced to bring to the heart of a beloved mother, facing 
the calumny of bis enemies and the malice of false friends, 
abandoning his chair in the university and the many students 
who had sought his teaching from every quarter of Germany and 
Austria; we should have thought, and rightly, that a storm of 
overwhelming violence had passed over his soul. The source of 
this tremendous upheaval is to be found, as the whole of his 
later life attests, in his love of truth, in his indomitable will to 
uphold the truth, and in his readiness to face the consequences, 
whatever they might be, to which his inexorable logic should 
lead him. It was in the summer of 1869 that all the world of 
Catholicism was thrown into agitation by the proposed dogma 
of the infallibility of the Pope. Germany became the theatre of 
a strong and well-defined opposition, led not only by Déllinger, 
to whom we have referred above, but also by able bishops like 
Ketteler and Hefele, and by learned ecclesiastics like the Benedic- 
tine Haneberg. The German bishops held a convention in 
Fulda, and on that occasion the young Brentano was engaged by 
Bishop Ketteler to write an historical and philosophical memoir 
in confutation of the dogma. This work, which was recognised 
as the best expression of the views of the party opposed to the 
dogma of infallibility, had a great effect in ecclesiastical circles; 
but very few laymen knew of it. Brentano pointed out in detail 
the errors incurred by Popes speaking ex cathedra, and brought 
various arguments against the dogma of infallibility,—the most 
audacious claim, according to Lacordaire, that has ever been 
made in the name of Jesus Christ. 


The subsequent acceptance by the Church of the dogma 
which he had thus combatted was a heavy blow to Brentano’s 
faith. It would, nevertheless, be a mistake to regard it as the 
cause which compelled him, some three years later (April 11, 
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1873), to lay aside the priestly habit and to effect his formal 
separation from the church. It was ovly the occasion, not the 
cause, of this decisive action. 


In the preface to one of bis posthumous works, recently 
published,— Die Lehre Jesu und thre bleibende Bedeutung,— 
Brentano alludes to his religious crisis; it is the first and only 
time that he refers to it. “Born of a Catholic family,” he writes, 
“T was led to accept the ecclesiastical life; but later I was 
obliged to separate myself from the church. My sole reason for 
taking this step was my wish to serve the higher interests of 
mankind; and my mature convictions made me realise that such 
service would be impossible if I followed the path upon which I 
had originally entered. For me, research has always been a 
vital necessity; and from the very first I tried, again and again, 
to resolve, in a satisfactory way, certain apparent contradictions 
of reason and what is called supernatural revelation. The 
failure of every effort to resolve these contradictions gave rise, 
little by little, to grave doubts regarding the truth of religious 
dogmas. But religious belief had been presented to me as a 
sacred duty, whose disregard meant eternal punishment; and a 
doubt regarding the obligation of belief thus appeared to me as 
a temptation to evil... . All this struggle was repeated over and 
over; and I should never have come to a decision if it had not 
been for a certain extraordinary event,—the assembling of the 
Vatican Council to discuss the infallibility of the Pope. Here a 
doctrine was at issue which I could still doubt without thereby 
falling into sin, and over against which I therefore was 
still free from any bondage that might disturb my conscience 
and prevent ao impartial examination of the subject. I studied 
it, and the result of my study was the firmest possible persuasion 
of the untenability of that dogma.” 


But from the moment that the chuch accepted it, there was 
not the slightest doubt that, at least on one point, ecclesiastical 
doctrine would appear to Brentano to stand in conflict with the 
truth. The scruples that had hitherto withheld him from an . 
examination of other dogmas had now no reason for existence; 
and with the dogma of infallibility there fell for Brentano the 
dogmas of the Trinity and of the Incarnation; even the doctrine 
of the obligation to believe must be subjected to reexamination. 


When, in May 1872, Brentano was appointed professor 
extraordinarius in the University of Wiirzburg, he had not yet 
formally separated himself from the church. Before he took 
that step, he thougbt himself morally bound to resign bis chair. 
Hence in March 1873, a month before his formal withdrawal, he 
left the university which had called him, as priest, to member- 
sbip in its faculty. 
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His next step was to offer himself, as layman, to the Univer- 
sity of Vienna, where, a year after his retirement, on January 
22, 1874, he was appointed professor ordinarius. Soon, however, 
an unforeseen event changed the course of his lfe. In 1880 he 
became engaged to Miss Ida Lieben, who, as a Catholic, could 
not contract in Austria a religious marriage with one who had 
formerly been an ecclesiastic. Brentano was therefore obliged 
to assume Saxon citizenship, and consequently to resign the 
title of professor ordinarius in the Austrian university. On 
September 16 of the same year, 1880, he was married in Leipsic 
to Miss Lieben. Soon afterward, he returned to Vienna, where 
his wife’s relatives were living, and resumed his teaching in the 
university,—but now as lecturer only. Two years later, 
September 30, 1882, he had the unhappiness of losing his mother. 
Seven years after his marriage, in 1888, he rejoiced in the birth 
of a son, Johannes; but on March 18, 1894, he suffered the loss 
of his wife. About nine months after this cruel stroke of fortune, 
Brentano left Vienna. Then began a long pilgrimage, made 
more than ever burdensome by a disease of the eyes, which 
threatened him with gradual loss of sight. On April 8, 1895, he 
went to Zurich; thence to Lausanne; and from Lausanne into 
Italy. Here he felt himself at home; he realised that his temper- 
ament was Italian; and in 1896, after spending some time in 
Palermo and Rome, he settled down in Florence. On Decem- 
ber 30, 1897, after obtaining Italian citizenship, he contracted 
a second marriage with Miss Emilia Rueprecht of Vienna. The 
state of his eyes grew more and more serious, and in 1903 he 
underwent an operation in Vienna; but, far from regaining his 
sight, he was obliged to give up all hope of recovering normal 
vision. 

His house in Florence and the villa at Schénbiihel by Melk 
(Austria), to which he retired for some four months of every 
year during the heat of summer, were the resort of friends and 
disciples, toward whom he was always generous of hospitality, 
of counsel, and of assistance. After the outbreak of the Euro- 
pean war he, a convinced pacificist, was unwilling to remain in a 
belligerent country; and he therefore left Florence in 1915 to 
establish himself in Zurich, where he died of appendicitis, 
March 17, 1917. 
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THE EFFECT OF VARIED INSTRUCTIONS ON THE 
PERCEPTION OF DISTANCES IN TERMS 
OF ARM-MOVEMENT! 


By WILBERT ANDREW GARRISON 


I. INTRODUCTION 


Our object in undertaking the experiments which this paper 
reports was twofold. We wished, first, to work out with Miin- 
sterberg’s arm-movement apparatus? Miiller’s method for the 
determination of equivalents by way of constant stimulus- 
differences ;* and we wished, secondly, to measure the influence 
of varied instructions upon the discrimination of distances 
perceived in terms of arm-movement. We failed in our attempt 
upon the method; and what we have to present is, accordingly, 
a set of experiments upon the perception of distances in terms 
of arm-movement, taken under two different instructions by 
the ordinary method of constant stimulus-differences. 


These experiments were planned as a parallel to those of A. C. Reid on 
the perception of lifted weights (this JouRNAL, 35, 1924, 53 ff.). It seemed 
a priori probable that the discrimination of lifted weights would be objec- 
tively more accurate under an object-instruction than under a pattern- 
instruction; we have all been accustomed from childhood to the estimation 
of weights as objects. The results of Reid’s work bore out this expectation. 
It seemed, on the other hand, at any rate possible that the discrimination of 
rectilinear distances in terms of arm-movement might be objectively more 
accurate under a pattern-instruction than under an object-instruction; the 
perceptions are not of ordinary occurrence in everyday life, and the elbow- 
pattern is both massive and fairly well-defined. The results of our work 
only partially bear out this expectation; there is a progressive tendency, as 
practice is continued, toward the stabilisation of the object-basis of judg- 
ment. 

Our failure to determine equivalents was due to the fact that, despite 
the contrary indications of the preliminary practice-series, we never ob- 
tained 100% r-cases at either extreme of the two stimulus-scales which we 
employed. We cannot account, except by the general difficulty of the task 
set to the Os, for the failure at the lower extreme of the scales. As regards 
the upper extreme, two of our Os independently reported that the longest 
distances tended to ‘break apart’ or to ‘fall ir two,’ so that it was difficult 
for them to be sure whether they were passing judgment upon the percep- 
tion of the whole distance or of only the latter portion of it. If these re- 
ports afford an adequate explanation, we evidently chose our standard 
stimulus too large. 


1From the Psychological Laboratory of Cornell University. 

*For a description of the apparatus see E. B. Delabarre, Ueber Beweg- 
ungsempfindungen, 1891, 74 ff.; E. B. Titchener, Experimental Psychology, 
II., i, 1905, 104 f.; cf. H. Miinsterberg, Beitrage, iv., 1892, 183 ff. 

3G. E. Miller, Gesichtspunkte und Tatsachen der psychophysischen 
Methodik, 1904, 199 ff.; Titchener, op. cit., IL., ii, 1905, 258 f. 
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It may be worth while to note expressly that, as we have indicated in 
the preceding paragraph, the results of the preliminary practice-series were 
not borne out by those of the regular experimental series. There is, 
perhaps, a difference in the O’s attitude in the two cases. It may be that, 
in the practice-series, attention is keener; it may also be that judgment is 
less immediate. The difference seems to call for special investigation, since 
it undoubtedly means a defect of method. 


II. APPARATUS AND PROCEDURE 


Miinsterberg’s apparatus was designed for a standing O. There are 
two principal objections to this position: bodily fatigue, and the difficulty 
of maintaining the same attitude relatively to the track during observation. 
Our Os were therefore seated in a chair placed upon a very heavy, solid 
table. A rigid frame fastened to this table supported a head-rest and a 
hand-rest. Both rests were adjustable horizontally and vertically. The 
track, which was always used in a horizontal position, was adjustable both 
laterally and vertically. A sighting mark on a wall 2.5 m. distant enabled 
E to keep the track in a constant lateral position throughout the series of 
observations. Permanent marks made it possible to maintain a constant 
position of the legs of the chair upon the table for every O. Felt placed 
under the base of the instrument prevented any jar. Early in the practice- 
series the track showed a tendency to vibrate; this tendency was obviated 
by firmly bracing the upright sheath. 

The head-rest and the hand-rest were padded. The hand-rest was so 
placed that, when O brought his hand back to it, his forearm was perpendi- 
cular to the track and his index finger was opposite to, and just above, the 
center of the car. This position enabled O to place his finger in the thimble 
without search. In cold weather EZ warmed the thimble of the car to the 
normal bodily temperature. Heavy cloth was pasted to the top of the car 
to prevent contact of O’s free fingers with the metal. The wheels were 
frequently oiled so that the car moved easily and almost noiselessly. 
Physician’s tape was wound around the axles to reduce the concussion 
when the car came into contact with the stops. Two stops were used, the 
one firmly clamped at the starting point, and the other, adjustable, at the 
point of termination of the movement. The pointer carried by the car is 
attached to the platform of the car and reaches the scale midway between 
the wheels. To secure accuracy is setting the movable stop, we found it 
necessary to attach to this stop a pointer so placed as to maintain a fixed 
relation to the pointer of the car at the termination of the outward move- 
ments. The distance between the two pointers was 10cm. By preliminary 
tests the most comfortable positions as regards the height of the head-rest 
and hand-rest, their distances from the track, the height of the track so 
that O’s forearm should be perpendicular to the upper arm, and the position 
of the chair upon the table so that O’s forearm should be perpendicular to 
the track of the instrument at the startin int were determined for every 
O; these measurements were recorded ont cos constant throughout. 

We used a muffled bell-metronome to regulate O’s movements. The 
instrument was set to beat 52 per min., and the bell rang at every fourth 
beat. A long set of preliminary observations enabled the Os to coordinate 
respiration and movement and to make the movement at a fairly uniform 
rate. The Os found that they were able to breathe at the rate of one 
complete respiration to every four beats of the metronome set as described. 
This rate therefore remained uniform for all recorded observations. 


_ O seated himself in the chair, placed his head in the head-rest, closed 
his eyes, and inserted the index-finger of his right hand up to the first 
joint into the thimble of the car. E gave the signal “ready,” and O at the 
first ring of the bell, during an inhalation (2 beats of the metronome) moved 
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the car from the fixed stop, at a sensibly uniform rate, until it came into 
contact with the movable stop previously set by Z. O then removed his 
finger from the thimble, and during an exhalation (2 beats) brought his 
hand back to the hand-rest, while # moved the car to the starting point 
and reset the stop. E always had the car at the starting point when O’s 
hand reached the hand-rest, so that O could insert his finger immediately 
into the thimble. O at the next ring of the bell made a like set of move- 
ments. The two sets of movements constituted a pair. The outward 
movements of every pair were the basis of a judgment. O allowed the 
interval of one ring (four beats) to pass between successive pairs; during 
this interval he gave his judgment and EZ made the record and set the stop. 
Then followed another pair of movements, and so on for 28 pairs, after 
which O rested for 1 min. before he began another set. When there were 
I1 stimuli, and consequently 44 pairs in a set, a short rest came after 22 
pairs as well as at the end of the sets. With 7 stimuli we presented 5 sets 
(140 pairs) and with 11 stimuli 3 sets (132 pairs) during a period of obser- 
vation. Any pair within a set or part-set for which O gave the judgment 
“doubtful” was repeated at the end of that set or part-set. E gave Oa 
warming-up set of 10 pairs at the beginning of every hour of observation. 
The Os observed 3 periods a week, 1 period every second day. If, for any 
reason, two periods were required on any day, an interval of not less than 
1 hour intervened between the periods.* 

Repeated trials with three Os, one of them highly trained, led to the 
adoption of 26 cm. as the standard stimulus. The preliminary work was 
done with 5 stimuli, two greater and two less than the standard. For the 


experimental series proper the number of stimuli was increased first to 7 
and later to 11. The difference between the stimuli was : mm. for the 
Vv 


preliminary work and 3.33 mm. for all subsequent work. ery variable 
stimulus appeared twice in each time order in every set. The order of t he 
stimuli and the time order were haphazard. 


The Os worked under two sets of instructions, A and B. 
Instruction A required them to take the movements as linear 
distances in space, and B required them to discriminate the 
pressure-patterns which the movements set up in the elbow. 
One of our most highly trained Os made 20 series of observations, 
10 of each time-order in hapazard arrangement, in which he 
gave phenomenological reports. These reports, which showed 
that the differential experience with the two movements of 
different extent lay in the region of the elbow, served as the 
basis of the pattern-instructions. 

At the outset E gave O a typewritten copy of instructions 
without comment, and asked him daily before beginning the 
work whether he understood his task. No further questions 
were asked. The instructions ran as follows. 

A. “In this experiment you will make a series of short movements as 
you have been instructed. 


“Think of these movements objectively as linear distances in space; 
it does net matter how you perceive them psychologically, so long as your 
attitude is constant. These distances will be presented in pairs, and you 
will always judge the second distance of the pair in terms of the first. 


4This rearrangement was necessary for G, M, and S during the last 
three periods of observation in the last three series. 


PERCEPTION OF DISTANCES BY ARM MOVEMENT 423 


“Your judgments are to be: (1) independent, that is, they are to bear 
upon the relation of the second distance of the given pair to the first 
distance; and (2) immediate, that is, they are to spring from the direct 
impression made by the two distances. 

“Your judgments will naturally take the form of ‘greater’, ‘equal’, and 
‘less.’ If in any particular instance these terms do not satisfy you, or if 
for any reason you have failed to observe the above instructions, you may 
report ‘doubtful’. The pairs upon which you have made this report 
‘doubtful’ will be repeated later in the series.” 

B. “In this experiment you will make a series of short movements as 
you have been instructed. 

" “Attend to the pressure-patterns which these movements set up in the 
elbow. The movements will be made in pairs, and you are always to judge 
the second pressure-pattern of a pair in terms of the first.” 

The remainder of this instruction was the same as in A. 

Five Os served throughout the entire experiment; a sixth performed all 
but the last 75 sets. The Os were Dr. L. B. Hoisington (H), assistant pro- 
fessor of psychology; Miss G. K. Adams (A); Mr. F. L. Bixby (B); Miss 
E. A. Méller (M); Mr. M. G. Scheck (S); and the writer (G)5; the last five 
were all graduate students in the department of psychology. Their training 
as Os varied considerably. H was highly toalinad ; A, in the third year of 
her graduate work, was trained; M and G were moderately trained; B and 
S had comparatively little training. The Os were without practice in the 
movements required of them, and with the exception of G worked without 
knowledge of the problem. B did not complete the work. 


III. QuANTITATIVE RESULTS 

The Tables exhibit, in both time-orders, the statistical re- 
sults of every series for every O. Table I. shows the distribu- 
tion of judgments for the first (AB) and the second (BA) time- 
orders, and for AB and BA combined, both for 7 and for 11 
stimuli; Table II. shows the ‘doubtfuls’ and the ‘general tend- 
ency of judgments’ for every O with 7 and with 11 stimuli; and 
Table III. gives h’y, hy, L’y, Lu, Li, the interval 
of uncertainty (I.U.), and the point of subjective equality 
(P.S.E.) for AB and for BA for every 550 judgments, for the 
totals of AB and of BA, and for AB and BA combined, for every 
series of 11 stimuli; and hs, Ls, and I.U. for AB and BA com- 
bined for every 700 judgments, and for the totals of 2100, with 
7 stimuli. When 7 stimuli were used, three Os worked under 
instruction A and three under B. 


IV. Discussion 
Instruction and Attitude 
In the discussion of the results the work of H, our best 
trained and most reliable O, is taken as a standard with which 
to compare other Os. H evidently followed instructions within 
the limits of possibility. He began with B; and an examination 
of his report shows that, after the difficulties of coérdinating 
movement and breathing have been overcome, he is able to 
describe the characteristics of the pressure-pattern and to give 


5When G observed, Mr. A. C. Reid served as E. 
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the basis upon which his judgments were rendered. In the case 
of A, in the second group, he judged the movements as objects 
of linear extent. The succeeding reports under two different 
sets of instructions show a tendency for the criteria of the 
preceding series to carry over into that following. This tend- 
ency was particularly strong when A followed B. 


B,. “I did not follow instructions in the early part of the work through 
sheer inability to do so. It was wholly, so far as I can say, a matter of at- 
tention. The coordination of movement and breathing with the bell of the 
metronome diverted attention from the pressure-patterns in the elbow. 
This difficulty vanished after a little, and the instructions came into their 
right except for occasional momentary lapses. 

“The judgment in terms of pattern bases largely on the dimension of 
extensity, although intensity (density) and quality both shared in the com- 
position of the totally perceived pattern. Although duration as a dimen- 
sion, so far as I can say, did not come in, yet the pattern formed in time, 
i.e., showed a typicai course of development, growing particularly in extent, 
although both intensity (density) and quality showed typical changes in 
the growth. It was not only the increase in the total een but also 
characteristic irregularities in extent that carried the meaning of the judg- 
ment. Sometimes, although the total extent was relatively great, the loose- 
ness of texture or the lack of density meant ‘less’. In these cases the 
characteristic irregularities were absent. 

“Tt was the characteristics of the patterns at the terminus of the ex- 
periences that touched off the judgment. In the early part secondary 
criteria crept in frequently. If the first pattern meant very great or very 
small, it tended to touch off an absolute judgment. 

“The pattern was localized in the inner side of the elbow, and extended 
downward a short distance, especially with the meaning ‘greater’.”’ 

A;. “At first I jumped from one criterion to another in an effort to find 
something stable on which to base a judgment. There seemed to be a 
number of secondary cues which worked more or less in combination; but 
now one predominated, and now another; no one seemed to be equall 
prominent throughout any considerable number of experiences. Wit 
uniform movement sound gave no cue as to length; and when, as infre- 
quently happened, the rate was not uniform, the louder sound might as- 
sociate to kes otherwise came as the longer movement. Visual imagery 
seemed at first to serve as a basis of judgment, but soon failed because of 
other conflicting cues. 

“I found it difficult to keep out experiences from the elbow. The time- 
interval seemed at times to be the basis of judgment, but only sporadically. 
There was a marked tendency at times to make an absolute t cnenis 7.€., 
I judged the first as long, short, or medium and then tried to hold the ‘set’ 
largely in terms of throat-kinaesthesis and to compare the second with this 


et. 

“Finally I assumed a more passive attitude and allowed the secondary 
cues to play en masse; I got a general impression ‘longer’, ‘equal’, or ‘shorter’ 
with the second stimulus. There was a strong tendency to use the terms, 
‘longer’, ‘equal’, and ‘shorter’ rather than ‘greater’, ‘equal’, and ‘less’. 

“The differences were always rather large, 7. e., I could not get a mean- 
ing of finely graded differences. To the end I was uncertain of any exact 
basis for the judgments.” 

B;. “I was already familiar with the pattern of pressure from a previous 
series. But I remembered the pattern as more definite in its different 
formations than I found it to be. I also found that the immediately preced- 
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Totals | 655 1.8092 .631 | .184 . 551 —2.141 —.714 | 1.345 
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3 Groups Upper Lower Point of 
o| 8 Subjec- 
Uncer- tive ! 
550 h L h L tainty | Equality 
676 | 
I .292 .877 1.118 .373 .gir -932 -910 -393 26.025 
AB 2 1.102 1.172 .312 .935 .812 .271 26.087 
A Totals 085 1.149 383 .332 .967 .870 . 290 -673 26.050 
I 262 996 332 .920 1.005 -697 25.956 
BA 2 258 773 991 .330 . 206 889 I. ‘ 
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—___| AB & BA 209 896 1.047 .349 316 -948 I. 
I .387 1.161 . 885 205 .274 .823 I 
= 350 1.049 555 185 377 1.130 I 
als Totals -377 1.130 664 221 337 1.O11 I 
I -221 1.703 . 568 . 287 860 
BA 2 211 632 2.053 684 221 .664 
_Totals 221 .663 1.886 629 255 766 
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ra I 321 935 .576 192 -337 1.007 
BA 2 344 1.032 209 070 356 1.067 
Totals 328 985 387 129 353 060 
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TABLE II 


7 Stimuli ; Stimuli 
= uls > - < = fuls > = < 
A Bi| 183 | 764 690 646] A Ai| 319 855 434 git 
H By 191 782 538 £780 Be| 384 948 438 814 
B By 90 | 824 701 575 A2| 169 503 163 434 
M A, 85 | 484 I110 506 Bs 76 429 326 345 
8 Ay 7 | 714 84t 545| 343 975 197 | 1028 
G A; 9 | 458 793 849 B2| 145 1012 146 | 1042 
Ag 42 471 115 514 
Bs 59 507 93 500 
B A) 8 871 644 685 
Be I 353 405 342 
M| Bil 254 O15 717 568 
Ao 88 752 537 
Be 66 516 330 254 
A; 43 529 275 296 
s Bi 98 697 814 689 
Ag 27 649 703 848 
By 9 341 329 430 
As 15 310 387 403 
By 198 724 241 1235 
G A2| 208 828 264 1108 
By| 100 460 124 516 
As; 69 448 143 509 
Taste III 
Groups Upper Lower interval 
0! 
E of Uncer- 
a & 700 h’ h L’ L ht h L’ pA tainty 
& 
AB& BA} 1 228 684 2.055 685 212 636 =1.290 —.430 | 1.115 
B 2 236 -708 1.740 .580 231 .603 —1.554 —.518 1.008 
3 295 885 1.284 . 468 .343 1.030 —1.047 — .349 -817 
_|_Totals 249 747 1.732 -577 -257 771 —1.260 — .420 -997 
AB & BA I 187 561 2.109 -703 . 166 498 —2.148 —.716 | 1.419 
B « 280 -840 1.059 -353 -254 -762 — .939 —.313 . 
3 321 -963 834 .278 .307 920 — .483 — .161 -439 
260 1.242 414 238 715 066 =.355_|__-769 
AB & BA I -147 2.520 840 405 —2.865 —.955 | 1.795 
B o 2 299 -897 1.188 -396 .278 .834 —1.176 —.392 788 
3 328 .984 1.230 410 304+ —1.245 —.415 .825 
252 1.488 229 1.555 | 1.014 
AB&BA| 1 -144 -432 3.822 1.274 510 —2.987 —.999 | 2.273 
A -633 3.315 1.105 .203 —3.225 —1.075 | 2.180 
3 234 702 2.226 .742 257+ -772 —2.190 —.730 1.472 
"__"_|_Totals 196 2.001 212 637 —2.676 —.892 | 1.889 
AB&BA| 1 -155 2.424 159 477 —2.682 —.804 | 1.702 
A -606 1.725 -575 .235 705 —1.980 —.660 | 1.235 
3 144—- .431 2.958 .986 .161 483 —2.859 — .953 1.939 
~__|_Totals 165 494 2.330 ‘771 182 545 =2.473 —.824 | 1.601 
AB&BA| 1 167 501 2.847 -949 "370 510 2.748 —.916 | 1.865 
A 243 -729 1.932 644 190 $70 —1.878 —.626 | 1.270 
3 246+ -739 1.188 .390 188 568 —1.887 —.629 | 1.025 
~__! Totals 218 655 1.892 .631 .184 551 —2.141 —.714_| 1.345 
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Totals .603 2.003 008 - 154 -554 4-314 45-939 

Bi I .149 -447 3.649 166 .408 2.302 - 767 1.982 26.171 
BA 2 127 .380 1.858 619 146 437 3.936 1.312_| 1.931 25.586 

Totals .139 -417 2.809 -157 3.074 1.025 1.961 25.807 

AB &iBA . 168 . 505 2.337 .779 -173 -518 2.786 -929 | 1.708 25.916 

I 206 619 2.010 .670 air .632 1.777 -592 1.262 26.032 
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BA 2 132 1.424 475 -419 3.191 1.064 | 1.539 25.684 
Totals 131 394 1.827 609 152 456 3.235 1.078 | 1.687 25.704 

AB & BA .482 2.191 730 172 516 2.267 -756 1.486 26.130 

AB I .165 .494 2.230 743 -171 513 1.394 465 1.208 26.128 

Be BA I 119 -358 1.964 -655 128 384 3.576 1.192 | 1.847 25.609 
AB & BA -433 2.133 .149 .446 2.364 -788 | 1.499 25.951 

AB I .183 -549 2.905 .968 .196 -578 1.255 418 1.386 26.257 

As BA I 120 . 361 2.943 -981 .133 400 3.517 1.172 2.153 25.849 
AB & BA 151 -453 2.920 -973 .165 -494 2.212 - 737 1.710 26.081 

I +203 .609 2.841 .947 189 .568 .748 .249 .698 26.610 

AB 2 .307 .922 1.932 -644 270 . 809 1.252 -417 .227 26.538 
Totals .258 775 2.300 229 -687 -958 -319 .448 26.581 

Bi I 269 .807 — .368 123 286 859 1.758 - 586 .463 25.638 
BA 2 319 .958 686 229 310 -931 1.474 -491 .720 25.874 

Totals . 296 . 889 —.441 145 303 -909 1.621 540 25.655 
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Totals 264 344 -434 1.303 .258 086 -201 26.013 

I -329 -988 353 1.029 -443 -149 - 266 25.982 
BA 2 .310 .929 .250 .321 .963 582 194 -277 25.942 

Totals .336 .007 .295 .342 1.026 -497 166 25.965 

AB &BA -377 .130 .323 .383 1.148 378 -126 -234 25.900 
AB I . 267 .800 .640 1.082 . 206 .069 .282 26.035 

As BA I .285 856 .445 .871 -947 316 -464 25.014 
___| AB & BA -331 -994 322 -966 377 26.001 
AB I 040 -431 .297 .890 .286 -095 -239_| 26.034 

Bs BA I .304 -913 .763 280 .867 -429 -143 397 26.061 
AB & BA 335 .005 588 309 -927 -344 26.047 

1 -233 700 -546 -253 -759 2.421 -807 -989 25.668 

AB 2 .298 .804 1.281 . 265 -796 1.364 455 .882 26.012 

Totals 264 793 907 281 844 2.012 671 .973 25.800 

Ai I 206 617 2.656 172 .515 .661 220 1.005 26.382 
BA 2 .736 1.834 214 2.256 752_| 1.363 25.977 

Totals: 228 2.245 .554 1.489 .496 1.243 26.101 

AB&BA 244 1.567 222 1.749 -583_| 1.105 25.005 
AB I 870 1.110 2.155 -718 1.088 25.828 

Bz |— BA I 1.921 174 523 3.207 1,069 | 1.709 | 25.930 
__| AB &BA .276 827 1.502 224 .673 2.596 .865 1.366 25.888 
I 276 829 822 281 .843 2.756 -919 | 1.193 25.673 

AB 2 378 -135 -703 352 1.057 2.147 716 -951 25.824 

Totals .333 -998 729 2.462 821 1.064 25.718 

Bi I 202 .605 3.682 213 638 1.406 . 409 1.606 26.356 
BA 2 219 656 2.801 214 643 .789 .263_ | 1.227 26.357 

Totals 226 678 3.318 214 .642 1.105 368 | 1.474 26.380 

__| AB & BA .796 1.949 241 724 1.803 1.251 26.054 
I 255 - 766 977 234 702 2.541 -847 | 1.173 25.765 

AB 2 295 . 886 742 250 -750 2.740 913 1.160 25.715 

Totals .276 -829 873 243 728 2.648 -883 | 1.174 25.742 

Ag I 173 520 4-145 152 -450 1.445 -482 | 1.864 26.511 
BA 2 173 520 4.246 162 487 1.139 .380 | 1.795 26.547 

Totals -178 -534 4.166 157 1.204 1.820 26.535 

AB & BA 215 2.293 .185 2.052 -684 | 1.448 25.463 
AB I .289 866 350 . 269 806 2.332 777 804 25.686 

By BA I 158 473 5.279 188 321 107_| 1.867 26.743 
___| AB & BA .498 2.499 1.405 -408 1.301 | 26.108 
AB I 206 -797 150 296 .889 2.362 787 .837 25.600 

A; BA I 211 632 3.250 215 -644 321 107 1.191 26.264 
___| AB & BAj 219 658 1.622 228 .684 1.392 464 1.005 26.088 
I 207 620 1.21 .198 593 2.975 -992 1.397 25.722 

AB 2 203 .610 2.8 173 .§18 2.118 . 706 1.645 26.184 

Totals 201 -603 2.003 184 552 2.574 .858 | 1.526 25.939 

Bi I -149 -447 3.649 166 -498 2.302 -767 | 1.982 26.171 
RA a 127 . 380 1.858 .146 -437 3.936 1.312 1.931 25.586 
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ing attitude tended sometimes to get in the way. Except for this and ac- 
cidental distractions and an occasional lapse of attention, I maintained the 
proper attitude. 

‘As before, the characteristic differences in pattern were density, exten- 
sity and quality. A pattern that was more dense, that was more extended 
in the longitudinal direction, particularly upward, that was more sharply 
defined, and that showed duller pressure and a slight hint of strain, meant 
‘greater’: a pattern with the opposite characteristics meant ‘less’. I gave 
the judgment ‘equal’ when the patterns were identical in all respects. 

“This attitude was much easier to maintain consistently than the 
stimulus-attitude.” 

As. “When I came back to the stimulus instruction I did not attempt 
to sort out any particular aspect of the experience as a basis of judgment. 
I sought to take up the work where I left off with this instruction. This I 
was able to do only in part. It was even more difficult than before to rule 
out (or rather to keep the attention off) the pattern of experience, and very 
often pressure-experience, while not particularly focal, served as the basis 
of judgment. 

“As before, sometimes one cue and sometimes another seemed to touch 
off the judgment: as time-interval, expectancy (very rarely), stretch of 
arm, absolute impression. I sought to take the experiences in a matter-of 
fact way without bother about the basis of judgment, just to allow the 
impression to come as it would. This was the usual thing. The attitude 
to take the experience in a meaningful way was very constant and about 
the only certain thing about the experience.” 

B;. “With this second return to the pattern instruction I had less 
difficulty than before. Yet infrequently other bases for judgment came up. 
If these interfered with pattern through a considerable shift of attention, 
I gave the judgment ‘doubtful’. At times they were present, but at a 
lower level of attention. In such cases they often demanded a judgment 
contrary to that demanded by pattern, but I always gave the judgment 
based on pattern. With the best care and training the rate of movement 
was not always sensibly uniform. This irregularity did not seem, however, 
to affect the pattern as it stood at the conclusion of the movement. The 
temporal factor, i. e., rate or mode of formation, did not matter. In general, 
movement was perhaps sensibly slower under the pattern attitude. 

“The same factors, density, extensity, and quality, were characteristic 
for the different patterns. A pattern of low p seme of nebulous, inde- 
finite extent, and of contacty pressure-quality meant ‘less; the opposite, 
‘greater.’ All possible shades of gradation of these elements came together, 
but always tending to vary together. I was able to make out very fine 
shadings of difference. 

“In cases where both experiences meant ‘very great,’ as sometimes 
happened, extent and density seemed to be the only difference, and these 
differences were so slight as to be difficult to detect.” 


The relative values of the results under each instruction may 
be expressed by formulas. The sign > is used to denote ‘better 
than;’ so that A >B means that the results under instruction A 
are better than the results under B. The formula designated 
‘practice’ indicates what the results would have been if practice 
alone had been the determining factor. The ‘quantitative’ 
formula indicates the results in terms of h and L. Finally the 
‘qualitative’ formula (as A’>B’) shows the ease and accuracy 
with which O followed the instruction, so far as his reports 
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afford us an adequate basis of inference. A subscript indicates a 
contamination; a +, alternation; an =, substitution. S.C. 
indicates secondary criteria, which are always extra-instruc- 
tional. The subscripts Exp. and Per. indicate whether second- 
ary criteria were experiences which directly influenced the judg- 
ments or perceptions which served as a basis of judgment. 
Individual variations will be noted where they occur. 

The work of H, exhibited in Table III. and interpreted by 
his reports as given above, may be expressed by the following 
formulas: 

Practice Quantitative Qualitative 

B>A B>A B'>A'sat+S.C. per. 


The quantitative formula is written as above, notwithstanding 
the fact that the h in A is slightly larger than the h in B. 


A. The reports of this O show that she succeeded better with 
A than with B. She began with B, and found the experiment 
difficult; she frequently complained of pain in the elbow and 
shoulder, and of exhaustion. She judged in terms of patterns, 
but had no clear idea what the patterns meant; the meaning of 
distance did not follow naturally from the pattern, until she 
undertook the last 1100 observations. In these, however, her 
hs are generally smaller and her Ls larger than before. In mak- 
ing the movements, the arm of this O rotated slightly at the 
elbow; this abnormality of movement was due to the structure 
of the elbow-joint. 


B,. “There were pressure and strain es in my elbow and 


shoulder. It was not as if something stretched between my elbow and 
shoulder, but that the two experiences came together, side by side. From 
my elbow I got mostly strain, aches, and bright pressure; from my shoulder 
dull pressure and drag. The experiences in the elbow tended to stretch 
across the elbow and the experiences in the shoulder, which were not on 
the surface but deeper seated, stretched down my arm and had width. 

“In my elbow, for judgments of ‘greater’, the strain stretched and be- 
came more nearly in an exact cross direction. The bright pressures in- 
creased, became more clear and insistent, and some pain mixed with the 
experience. The pressure in the shoulder seemed to go further in, to stretch 
out longer, to become more like drag. For judgments of ‘less’ there was 
less strain in the elbow; the pressures were duller, softer, and more fluffy. 

“Generalizing, there was more experience with the judgments of ‘greater’ 
than with ‘less’. The main characteristic of the strain experience was an 
oiliness, although there was fluffy pressure also. The experiences in the 
shoulder were duller, deader, more obscure, than those in the elbow, but 
they took up more room through my arm and were bulkier.” 

‘A. “Often when I am judging in my own peculiar way, that is, how 
far my finger seems (not feels entirely) to move, I make a judgment of 
‘equal’, yct I am perfectly certain from some other cues, I do not know just 
was they are, that the two distances have not been the same.’ 

oy had a hard time with these instructions; it was very hard to 
beak ‘off from the stimulus-attitude. I had to set myself postively to do 
this, and when I did it, I found, at first, that often I had no criterion for 
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the judgments on the basis of the pattern; that is, in the first part of the 
series I could tell that the patterns were different, but it was hard to say 
in which way they were different. Finally I learned that a certain pressure 
meant less and another greater. After this the judgments came immedi- 
ately and would have been comparatively easy, if every now and then the 
cues from the preceding experience had not come in, as my attitude did 
not — exactly stable. I think, though, it improved as the series pro- 
ceeded.” 


Az. “I thought of the distance as a line lying in front of me and of my 
finger moving over the line. It was on how far it seemed that my finger 
had moved that I based my judgments. These judgments were more 
natural than those made under the pattern-instruction. I did not have to 
learn what meant a greater distance and what meant a less distance. Yet 
I would not say that these judgments were actually surer than those made 
under the pattern-instruction, for every now and then a line-judgment of 
which I seemed to be reasonably certain would be contradicted by a pattern 
which I was upable to keep out of the experience.” 


B;. ““My judgments were easier in this series than in any of those pre- 
ceding it. By this time I had realized what the pattern was: a certain pull, 
drag, pressure in my arm (mostly above the elbow) which came to me as a 
total experience differently at one time from another. When I learned 
what this difference meant, what corresponded to ‘greater’ and what to 
‘less’, I could make fairly satisfactory judgments. I realized now from 
other experiments that the judgments would, in a way, be grosser than 
with the stimulus-instructions, that is, the ideas of much greater and much 
less would not come in to bother me; but as soon as I realized the difference 
between the two patterns I named the difference and that was all. From 
the fact that I did not need to discriminate between much greater and much 
less, I believe, though I am not certain of the fact, that I gave more equal 
judgments than formerly; but when I gave ‘greater ’or ‘less’, I was certain 
that it was greater or less. Before beginning each experimental series, I 
said to myself ‘pattern’, ‘pattern’, not with the intention of describing the 
pattern, but merely to keep it in mind that my judgments were to be in 
terms of pattern and nothing else.” 


We have to write two qualitative formulas for A since, ac- 
cording to her reports, alternations did not occur under the 
repetitions of A and since there was added alternation in the 
last series under B. 


Practice Quantitative Qualitative 
B>A A>B A'+S.C. Per. >B'+A’ 
per.) 


B. The reports of this O, although very meagre, indicate 
that he followed instruction A but not B. In this part of the 
work he brought the car against the variable stop with consider- 
able force. Unfortunately bad health enabled him to complete 
only 75 of the last 150 sets required. Consequently his results 
are not comparable with those of the other Os. 


B. “The pattern was formed in the back of the elbow. I was certain 
of ‘greater’, which was judged from a kind of slip in the elbow. The judg- 
ment ‘less’ was made on the position and intensity scale. There seemed to 
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be a gradation of intensities in the elbow. ‘Equal’ judgments were made 
in the same way as the ‘less.’ In the case of ‘doubtful’ judgments some- 
thing else seemed to cut across the patterns.” 

. “In this series I had no difficulty in following directions. I judged 
the pairs as linear extents. The judgments came immediately onl I can 
not say what processes were involved.” 


We may write B’s formulas; tentatively, as follows: 


Practice Quantitative Qualitative 
B>A B>A 
Per. & Ezp. 
In writing the quantitative formula we considered the fact that 
L, and I.U. are smaller in A than in B for the third 1100 ob- 
servations. 


M. The reports of M show that she had recourse to second- 
ary criteria under A, but that her judgments under B were 
rendered in terms of patterns developed in the elbow. At first 
she had difficulty in determiving what the difference in pattern 
meant, but this difficulty was soon overcome. Her attitude was 
more constant under B than under A. The terms ‘direct’ and 
‘indirect’ in her qualitative formula indicate that, of the ex- 
periences which served as the basis of judgment, some entered 
directly into the judgment and others by way of an intermediate 


perception; that is, the auditory experience served as an im- 
mediate cue to the perception of distance, whereas the experi- 
ences of pressure in the throat gave rise to a perception of time 
which in its turn served as a basis for the perception of distance , 


A,. “I judged by the intensity of the click made by the car coming 
against the stop. If the click was louder relatively, the distance was judged 
‘less’; if weak ‘greater’; for I moved at a uniform rate. Judgments were 
rendered in part in relation to the temporal interval. If the intensity of 
the click and the time-interval corresponded, the judgment of ‘equal’ was 
given. The results came spontaneously.” 


B,. “If I failed to follow instructions I reported ‘doubtful’. The judg- 
ments were made in terms of elbow-pattern. If the second was like the 
first, I said ‘equal.’ If the pressures of the second were duller, heavier, 
I said ‘greater;’ if lighter and Salchaen, I said ‘less;’ judging, therefore, not 
in terms of length but of elbow pattern. The pattern was greater, less, or 
equal. At times I was not sure of the second pattern or I forgot the first, 
in which cases I also reported ‘doubtful.’ While it was at first difficult to 
judge the patterns, it became easier with practice and was soon practically 
spontaneous.” 


A;. “The judgments under this instruction came quickly. If the second 
distance could be described in the same vocimotor terms as the first, it 
was judged ‘equal.’ The description was twofold, temporal interval re- 
quired to move along the distance and intensity of the final click. If the 
temporal interval was longer (i. e., prolonged expectancy-strain) and the 
final click less intense, the judgment ‘greater’ was given. A short temporal 
interval (the limit coming before it was cupestel according to the voci- 
motor description) and a more intense click were followed by the judgment 
‘less’. Failure to follow instructions as well as uncertain cases were re- 
ported ‘doubtful’.” 
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B,. “The judgments were made in terms of elbow-pattern. If the 
second pattern was like the first, the judgment was ‘equal’. If the second 
pattern was a duller, heavier pressure than the first, the judgment was 
‘greater.’ If the second pattern was lighter, quicker, brighter than the 
first, the judgment was ‘less.’ Doubtful cases were reported as ‘doubtful’ 
as were also those cases in which the instructions were not followed.” 


As. “The distances were compared by means of the temporal interval 
required to move along them and by the intensity of the bounding click. 
The rate of movement was of course kept as constant as —. The first 
distance in terms of temporal interval and click was held by throat kinaes- 
thesis. If the second distance duplicated this, it was judged ‘equal.’ If, 
however, the time-interval was prolonged, the kinaesthetic strain became 
greater and the second distance was ju ged ‘greater.’ The final click of the 
‘greater’ distance was less intense than that of the first distance. If, in the 
second distance, the throat-kinaesthesis describing the first was interrupted, 
that is, the time-interval less and the click intensity greater, the distance 
was judged ‘less.’ The ‘doubtful’ judgments were those in which I could 
not be sure of the duplication of the first experience or in which I failed to 
follow instructions. The judgments came immediately.” 


We may write for M the following formulas: 
Practice Quantitative Qualitative 
A>B B>A B’>(A’=S.C. per. {direct & indirect) ) 


S. An examination of the reports of this O shows that in- 
struction A was not understood. His judgments, for the most 
part, either depended upon B-experiences or resulted from the 
fact that the second perception exceeded or fell short of an 
expectancy of equality. He succeeded better under B, but even 
here experiences are mentioned which could only divert the 
attention from the pattern as the basis of judgment. The hs, as 
would be expected, are small, and the Ls large. 


A;. “I followed instructions satisfactorily. I judged from the muscular 
strain in the whole arm and in the biceps as well. After every excursion I 
held the arm at the stopping point to get the set of the muscles, skin, and 
perhaps clothing. The time-element entered, not in any objective way, 
but as a feeling of expectancy. Sometimes the second interval exceeded 
the expectancy and sometimes fell short of it, such expectancy being an 
interval equal to the first presentation. I had a feeling of a moving distance 
of linear extent. I think the judgment was the result of factors already 
given, of ‘feel’ and ‘duration.’ Another factor entered, that of eye-move- 
ment, innervation of the eye-muscles as if the eyes were following the car. 
Strain of eyes very pronounced at times, but I doubt if actual movement 
took place.” 

B,. “The pattern was very hard to find at first, but I succeeded in 
detecting a feeling of strain in the elbow-joint mainly on the inside surface 
of the arm with a slight sensation on the outer surface, probably from the 
skin. The judgment of ‘greater’ was made in terms of intensity of strain. 
The judgment of ‘greater’ seemed to arise from a more extensive and dis- 
tinct pattern. Judgments of ‘less’ were given when the pattern did not 
stand out as clearly. Concentration of the attention upon the elbow was 
possible only with strong visual fixation, trying to keep the image of elbow 
clearly in mind. Conscious eye-strain accompanied this, probably with 
actual movement of eye-ball.”’ 
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Az. “Slight movements of the sleeve which accompanied the gross 
movements of the arm were noted. Judgments were made in terms of the 
extension of the arm from the body, duration of movement, and sometimes 
remoteness of click as the car hit the stop. A feeling of suspense arose if 
the car did not stop at a point approximately equal (subjectively) to the 
first distance; the greater the suspense the more certain I was of ‘greater.’ 
The premature stopping of the car gave the judgment ‘less’.”’ 

B,. “Attention is strongly fixed upon the sensations set up in the elbow. 
There is a decided tendency to visualize the opening of the elbow-angle as 
the arm moves out, that is, whether the angle approaches a right angle or 
is smaller or larger. This visualization was not accompanied by any 
muscular sensations from eye-movements, sensations which played a large 
réle in the earlier series. The elbow was seen as actually forming an angle, 
and judgments reduced themselves to a comparison, kinaesthetic not visual, 
of the second extent of angular movement in terms of the extent of the first 
movement. The attitude was constant throughout, except for occasional 
wandering when distractions came in. The presence of the pattern was 
easily detected as long as thought was ‘dasciel toward the elbow, but eye- 
movements, when I was conscious of them, were distracting.” 

A;. “I tend to think of the hand as out there; apart from the gross 
muscular movements which probably come in, there is no evidence of 
pattern set up, except that for greater extension of the arm, there is a feel- 
ing that the hand is stretched further out in a frontal plane. There was a 
strong tendency to visualize the car moving along the track, and see the 
length of the track covered. When special care was taken to keep the rate 
of movement uniform, the duration of movement served as a cue in com- 
parison of lengths. Sometimes the car came to a halt before I expected it 
to, giving rise to a positive judgment of ‘less;’ and the same thing was true 
of ‘greater.’ I do not believe that eye-movement occurred, but a steady 
fixation straight ahead was most favorable to a ready judgment.” 


S’s formulas may be written: 
Practice Quantitative 
A>B A>B 
Qualitative 


B's.c. +(B’=S.C. >(A’=[B’= 
- Exp. & Per.|) +S.C. & Per. 


G. The reports of this O show that he was unable to keep the 
two instructions entirely separate. B was especially liable to 
contamination by A; A was seldom contaminated by B. This 
is the only O for whom both Ls in any group fell on the same 
side of the standard. 


A,. “While I was observing I assumed that I followed instructions; but 
upon reflection I realize that I did not. A part of the time I was unable 
to attend both to the coérdination of breathing with the metronome and 
to the experiences of the movements. Often my attention was so fully 
concentrated upon the movements that the beats of the metronome were 
not noticed. Frequently I was plunged into a sea of uncertainty and under- 
went a severe struggle with the experiences in an effort to find a satisfactory 
basis upon which to render a judgment. My attitude shifted from one 
criterion to another. Such criteria as visual imagery, stretch of arm, and 
mr against the terminal stop were tried, an 1 with dissatisfaction. 

metimes absolute judgments were rendered. Finally I settled upon the 
feeling of length iecnted out on the track of the apparatus as the one 
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criterion, and I based the judgments upon this feeling of relative length. 
Even when one or both of the experiences of a pair seemed weak or vanished 
quickly, I felt impelled to render a judgment of some kind.” 


B,. “In changing from instruction A to B my judgments were at times 
influenced by A in spite of great care used to follow B. The pattern was at 
the tip of the elbow in the form of a circular pressure area. The elbow often 
tingled during the period of observation and continued to hurt for hours 
afterward, much the same as it would have done had it been struck. 


“For judgments of ‘greater’ the circular pattern elongated, extended 
toward the hand, and was more or less deeply seated; for judgments of 
‘equal’ the pattern remained circular and nearer the surface; and for judg- 
ments of ‘less’ the pattern was on the surface, less intense, and covered a 
smaller area. 

“A knowledge of the procedure, and especially of the fact that errors 
were more often made with the longest distances, may have influenced me, 
in difficult cases, to give the judgment ‘less’ instead of ‘equal’.” 


Az. “In returning to instruction A I found it necessary to be constantly 
on the alert to prevent B from influencing judgment. It was not easy to 
maintain a constant attitude and keep the movement uniform for both 
members of the pair. The basis of judgment was the feeling of distance over 
which the hand moved and ‘greater’, ‘equal’, or ‘less’ expressed the relation 
of distance between the members of the pair. The discrimination of distance 
was clearer when the muscles of the hand and forearm were drawn tense 
during the movements. Confusion arose when both members of a pair were 
unusually long, and sometimes when the two experiences were different but 
it was not clear in what respect they were different.” 

B,. “The return to B was accompanied by a much greater fatigue in 
the arm than when B was first taken up, but the experiences were clearer 
and the judgments were made with greater satisfaction. Occasionally A 
would enter into the judgments. The pattern experiences were often hard 
to get, and sometimes a slower movement was necessary to induce any 
pattern at all. 

“The patterns were localized in the elbow, as before, and were possibly 
a little more intense, deeper seated, and more extended for ‘greater;’ for 
‘equal’ they were circular and somewhat more superficial; for ‘less’ they 
were less pronounced. The judgment ‘doubtful’ was given when the first 
experience of the pair was lost and when a difference occurred but the mean- 
ing of the difference was not clear.” 

A;. “The change from B to A was made with less difficulty than any 
preceding change. There was a feeling that the attitude was more con- 
stant than it had been during any previous set of observations, and a greater 
concentration of attention upon the movements was possible. There were 
no secondary cues noticeable by which the distances were judged. Aslightly 
greater speed in the movement of the car was noticeable, and the uncertain 
long distances occurred less frequently than when the movements were 
ore at a slower rate. The judgments were rendered on the basis of 
distance as felt.” 


We write G’s formulas as follows: 


Practice Quantitative Qualitative 
A>B B>A 


Since A, B, and H worked under B and M, §, and G worked 
under A with both the first and last series, we could not compare 
the absolute values of h and L. Consequently we determined 
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whether A, B, and H did relatively better than did M, 8, and G 
when we compared their performances in these initial and final 
series with what the respective groups did in the entire experi- 
ment. We find that the relative value of h is approximately the 
same throughout, and that A, B, and H have relatively smaller 
Is in the first series but not in the last. 


Practice 


If practice alone had determined the results, the values of h 
would of course have been progressively larger in passing from 
one series to the next, and the values of L and I.U. progressively 
smaller. The quantitative results of A who started with B are 
better for A than for B, and the quantitative results of M and G 
who started with A are better for B than for A; consequently 
factors other than practice influenced their judgments. More- 
over, four of the six Os had larger values for h and smaller values 
for L and I.U. under B than under A. 


Every O who completed the work made 8700 observations 
in addition to the practice and to the warming-up series. So 
large a number of observations makes it possible to study pro- 
gressive practice in any one of three ways: (1) by a comparison 
of the values of h, L, and I.U. within the series (intra-serial 
practice); (2) by a comparison of the values under the same in- 
struction (practice in homologous series); (3) by a comparison 
of these values under different instructions (practice in hetero- 
geneous series). 


(1) Intra-serial practice. The number of observations taken in the 
various series was such that we fractionated the first three only. H, A, and 
B began with B, so that two of their fractionated series fall under B and 
one under A; M, S, and G began with A, so that two of their fractionated 
series fall under A and one under B. H, M, and G show practice within 
the first two series; A and B within the first series, and S within the first 
part of the first series. There is no general improvement shown by any O 
after the second series. 


(2) Practice in homologous series. In order to show the effects of prac- 
tice in these series, we must show that O accepts the instruction of a given 
series in the same way on his return to it. In the case of H there is a marked 
practice-effect as we pass from B, to Bz but not as we pass to B;: there is 
no indication of practice in the A-series. Since B’ stands pure in the 
qualitative formula and the reports show the impurity of A’ to be consis- 
tent, we might expect to find an effect of poe showing throughout. 
This is not the case. In the case of A we find the same result. Her reports 
state that she did not accept B in the same way on her second return to it. 
Her A changed in the direction of greater purity; yet here we find pore, 
which indicates practice. The unfinished results of B reveal no genera 
tendency. M shows practice in the successive repetitions of A, but not in 
B, notwithstanding its purity. Although A is impure, yet its impurity 
according to the reports, so far as they go, is consistent. e quantitative 
results of S reveal no general tendency toward improvement, and his 
qualitative formula does not indicate that there should be improvement. 
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G shows a general practice-effect for both A and B. His qualitative 
formula gives A’ pure. Although B’ is impure, the contamination again, 
so far as the reports go, was constant and alternation was infrequent. 

Since we found no effect of practice within any series beyond the 
second, we should hardly expect any consistent effect of practice as we 
pass from one series to another even under the same instruction. Our 
analysis reveals that A and H show practice with the first repetition of B; 
M with the two repetitions of A; G with the successive repetitions of both 
A and B; and B and § no effect of practice. 

(3) Practice in heterogeneous series. The results in terms of the values 
of h, L, and 1.U. for the combined time orders enable us to write the fol- 
lowing formulas for the individual Os. 

except Ai>B: for hy and hi, and A:>B; for 
Ly and hl. 

A: except Ai<B, for Li and Az for hi. 

B: B,>Ai<B:, except Bi< A; for hu, and Ai> B, for Li and I.U. 

M: except Bz for hi and Lu. 

8S: A: >B,<A:>B2<As, except Ai<B, for hu, Bi> Az for hu and hi, 
A: < B: for Lu, and B,> A; for Ly and I.U. 

G: As, except A, for Li and 1.U., A:> for 
Ly and I1.U., As for hi and Li. 

The presence of an effect of practice in heterogenous series would mean 
that O had assumed a similar attitude under different instructions. None 
of our qualitative formulas shows this to be true. The quantitative results 
show several instances of improvement as we pass from one series to an- 
other of unlike kind; but the large number of contradictions and exceptions 
indicate no general practice effect. In the case of G alone there is evidence 
of progressive practice, and even here the evidence is weakened by the 
number of exceptions. From the above data we conclude that there is no 
general practice-effect. 


Tendency of judgments 


Table II. exhibits the tendency to judge ‘greater’ or ‘less’ 
for every O under each instruction. H in bis initial series under 
B gives practically an equal number of ‘greater’ and ‘less’ judg- 
ments; in his next three series his tendency is toward an excess 
of ‘less’ judgments, but this tendency never rises above 3.9% of 
the whole number of judgments given in any series; in his last 
series there is a slight tendency toward ‘greater’. There is a 
consistent tendency under A toward ‘less’, but under B there is 
no general tendency. A under B shows a consistent tendency 
toward ‘greater’, which becomes markedly less in her last series. 
Under A her results are contradictory. B shows a tendency to- 
ward an excess of ‘greater’ regardless of instructions, though this 
excess becomes progressively less during the progress of the 
work. M in her initial series, A, shows a slight excess of ‘less’ 
judgments, but in all her remaining series there is without re- 
gard to instructions a progressive tendency toward an excess of 
‘greater,’ rising in one case as high as 23.8%. S in his first two 
series gives an excess of ‘greater’ judgments, but in his succeed- 
ing series there is an excess of ‘less’ and this excess continues with 
very little variation under change of instructions. G shows a 
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general tendency toward ‘less,’ and this tendency is greatest 
where knowledge entered and diminishes in succeeding series; 
but there is no correlation between tendency and instruction. 
From the above analysis and in the light of the reports made 
by the Os there appears to be no general tendency toward 
‘greater’ or ‘less,’ either in regard to instructions or in the manner 
in which the Os received the instructions, except for H under A. 


‘Doubtful’ Judgments 

The distribution of ‘doubtfuls’ may be expected to throw 
light upon the manner in which the Os accepted the instructions. 
H gave, progressively, relatively fewer ‘doubtfuls’ under B, but 
the decline was gradual. He gave the largest number (15.6%) 
under .4; which offered considerable difficulty, but the number 
of ‘doubtfuls’ under Az; fell to the lowest per cent. given by this 
O in any series. A gave progressively more ‘doubtfuls’ in her 
successive series until we come to the last, and her report states 
clearly the shift of her basis of judgment in this series. B gave 
progressively fewer ‘doubtfuls’ with the successive series. M 
gave the same relative number (4%) of ‘doubtfuls’ for every A- 
series. She gave about three times as many ‘doubtfuls’ under B, 
where she found difficulty in making the judgments, but the 
number decreased one-half on the repetition of B. S, after the 
first series, gave progressively fewer ‘doubtfuls’, relatively, till 
we come to the last series where there is a slight increase. G 
gave few ‘doubtfuls’ in his first series. In the next three series 
the relative number remains constant, and drops somewhat in 
the last series. 

Every O, except B and §S, gave a sufficiently large number of 
‘doubtfuls’ to indicate that he assumed a definite attitude and 
that he knew he was to give a sign whenever by a shift of at- 
tention or by the intrusion of some distraction this attitude 
changed. 

Only a few Os made comments, and these very seldom, when 
they gave ‘doubtfuls’. Occasionally an O reported a shift of 
attention, or remarked that the experiences were different but 
that he could not tell in what way they were different. 

The ‘doubtfuls’ were tabulated in regard to the judgments 
they followed in both time-orders, and in regard to the stimuli 
with which the judgments occurred; but no general tendency 
was found except a tendency to accumulate with stimuli in the 
neighborhood of the standard. 

V. ConcLusions 

From the quantitative results it appears that in the percep- 
tion of distances in terms of arm-movement a change of instruc- 
tion does not necessarily bring about a corresponding change of 
attitude in the Os. 
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The values of L are relatively larger under A (object in- 
struction) than under B (pattern instruction) in the early series. 
In the later series, after practice, the values of L under A are 
relatively as small as under B. 

The values of h under the two instructions are not relatively 
different. 

The ‘tendency of judgment’ supports the conclusion that a 
change of instruction does not necessarily bring about a change 
of attitude in the Os; a large number of ‘doubtfuls’ indicates con- 
stancy of attitude. 

No effect of practice occurs for any O after the first 4300 
observations. 


FURTHER STUDIES OF HENNING’S SYSTEM OF 
OLFACTORY QUALITIES! 


By A. FInpiey 


Dimmick? and Macdonald’ have sought experimentally to evaluate 
Henning’s theory of olfactory quality. Macdonald attempted to test 
simultaneously both the qualitative theory and the chemical theory by 
choosing as representative stimuli substances whose structural formulas 
were definitely known and which could thus be brought into relation with 
the chemical theory. He was able only approximately to verify Henning’s 
conclusions in this manner. After Macdonald’s paper had been completed 
and before its publication, Dimmick issued a note which indicated on its 
face value a considerable verification of Henning’s qualitative theory. 
It was impossible, however, to resolve the apparent divergence between 
Dimmick’s and Macdonald’s results, because Macdonald, in selecting 
stimuli of determined chemical composition and structure, had chosen very 
few of the stimuli which Dimmick used. 

In order to press the test of the smell prism further, the present writer 
decided to repeat Macdonald’s work using the stimuli which Dimmick had 
found to give the greatest degree of constancy among his Os. It seemed as 
if the best test of the prismatic theory of smell at the present time would be 
to see whether any set of stimuli could be made with reasonable constancy 
to fall underit. If the stage were set as favorably as possible for the theory, 
then a failure to demonstrate it would be fatal. 

Dimmick’s Experiment 

In examining Dimmick’s work for the purpose of selecting representa- 
tive stimuli, it ee that Dimmick has in some cases given the benefit 
of the doubt to the verification of Henning’s theory classifications. His 
Table II gives the impression of a fairly high degree of agreement with 
Henning, but inspection shows that his Table II does not follow consistently 
from his Table I, from which it is supposed to be derived. 

In the first place it should be noted that the great scattering which 
appears in Table I makes it difficult to convert it into Table II where the 
low frequencies must be totally disregarded and the high frequencies ac- 
cepted, as characterizing the stimulus. It will inevitably be a matter of 
opinion just where the line between high and low should be drawn. Seven- 
teen of the 56 classifications of Dimmick’s Table II are certainly unjusti- 
fiable. Anise oil, for instance, is classified by Dimmick as SR, although 
most of the classifications of the Os were for E and there were many for F 
and none at all for R. Musk is classified as ERPB, whereas it should be 
classified as ESRB since there are three times as many S judgments as P. 


1From the Harvard Psychological Laboratory. Communicated by 
E. G. Boring. This paper uses Macdonald’s symbols for Henning’s six 
principal olfactory classes: F =fragrant, E=ethereal, P = putrid, S =spicy, 
R=resinous, and B =burned. 

2F. L. Dimmick, Note on Henning’s Smell Series, this JouRNAL, 33, 
1922, 423-425. 

3M. K. Macdonald, Experimental Study of Henning’s System of Ol- 
factory Qualities, this JouRNAL, 33, 1922, 535-553- 

4H. Henning, Der Geruch, 1916. On the qualitative theory see esp. 80- 
97; on the chemical theory see esp. 291-301. 
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Other similar instances are hops, cumarin, clove, marjoram, sassafras, 
nutmeg, myrrh, lactone, apiol, mustard oil and arbor vitae. Less striking 
errors of derivation are the cases in which Dimmick has selected one of two 
equal frequencies and has neglected the other: vanilla, lavender, cassia, 
and acetic ether. 

Because of these inaccuracies in Dimmick’s Table II the present writer 
has redetermined the classification of Dimmick’s stimuli from his Table I. 
In such a determination it is necessary to select some arbitrary rule; and 
the following procedure seems to give a classification that summarises the 
results of Dimmick’s Table I adequately. In classifying a stimulus from 
Dimmick’s Table I one writes down with a capital letter the class in which 
the stimulus was placed the greatest number of times and one also writes 
with capitals those other classes in which the percentile frequency of classi- 
fication is less than 10% below the percentile frequency of the maximal 
classification. Then one adds in small letters the names of all other classes 
in which the stimulus was placed with a frequency greater than one-third of 
the frequency of the maximal class. Other classifications are omitted. 
This procedure gives a rough picture of the results of Dimmick’s Table I 
in terms of two degrees of emphasis. It would be possible to make up other 
rules, and the reader who questions the present procedure must satisfy 
himself of it by trial. The present rule at any rate is objective and treats 
all stimuli alike without respect to the relation of the results to Henning’s 
theory. Table I of this Note results. 


TABLE I 


Classification of Dimmick’s 76 stimuli, derived from Dimmick’s Table I. 
F =fragrant, E =ethereal, S=spicy, R=resinous, B=burned. 
e text 


jasmine oil, apple blossom. 

lemon oil, amyl-valerate, amyl-acetate. 

fish soap, glue, hydrogen sulphide, asafoetida. 

clove oil, thyme flowers, cassia oil, pepper, cinnamon, 
marjoram, nutmeg oil, celery seed, " dill 

Canada balsam, decar oil, pine needle oil, ten gum, 
‘spikenard oil, turpentine, cajuput oil, eucalyptus oil. 

tar, guiacol. 


orange oil. 

arnica tincture, ammonium-valerate. 

camphor gum, rosemary oil, bergamot oil. 

origanum oil, xylol, toluol. 

coffee. 

tonka bean. fS: camomile flowers, sage. 

musk root extract. 

menthol. 

acetic ether, acetone. eR: juniper oil. 
benzol. 

pyridine. 

hop flowers. 


cumarin. FeS: bay oil. fEs: vanilla, anise oil. fES: 
sassafras oil. feS: lavender flowers. 

ethyl ether. 

copaiba balsam. 

peppermint oil. eSR: caraway oil, cardamom. esR: laven- 
der oil. 

collodion. 

tansy oil, wormwood oil. srB: apiol. 

mustard oil. 


F: 
E: 

S: 
R: 
B: 
fE: 
EP: 
sR: 
Rb: 
bS: 
FS: 
*Fb: 
*eS: 
ER: 

Pb: 
*PS: 
Fes: 
feR: 
fSr: 
eSr: 
ERb: 
SRb: 

**Psr: 
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Fesr: geraniumoil. FEsR: ginger. fEsr: spearmintoil. fEsR: 
citronella oil. fESR: fennel oil. feSr: juniper berry. 
***FPSr: lactone. 
***E SRB: musk. ESRb: arbor vitae extract. 
****PESrB: myrrh tincture. 
*Diagonal duplex; impossible on Henning’s theory but admitted by Henning. 
**Triplex not in surface; impossible on Henning’s theory. 


***Quadruplex not in surface; impossible on Henning’s theory. 
****Pentaplex not in surface; impossible on Henning’s theory. 


Inspection of our Table I shows that Henning’s prismatic theory holds 
in general for Dimmick’s results. There are 76 stimuli in all. Five of these 
stimuli give duplex qualities for diagonal corners of aface, and 13 of them give 
triplex qualities for the three corners of a single square face. Macdonald 
has already pointed out that triplex ordors in a face or duplex odors for 
opposite corners of a face do not properly accord with Henning’s theory; 
but Henning himself admits such odors, and there is nothing further now 
to say about the difficulty.® 

It is interesting to note that apiol, tansy oil and wormwood oil, by this 
treatment, are placed in the triangular SPB end of the prism, where 
Henning has given us no examples. We are still without instances of sti- 
muli that belong in the other end, FEP 

Of these 76 stimuli five, on this treatment, refuse to fall in the surface 
of the prism. Myrrh is FESrB; lactone is FPSr; mustard oil is Psr; musk 
is ESRB; and arbor vitae is ESRb. All of these combinations are im- 
possible because they would lie somewhere in the inside of the prism which, 
on Henning’s theory, is hollow. The entire showing appears, however, to 
favor Henning’s theory quite as much as Dimmick’s selection of stimuli in 
his Table I1. 


Procedure 


On the basis of Dimmick’s results (cf. Table I) the following stimuli 
were selected as representative of the 6 principal classes: F, jasmine oil; E, 
lemon oil; S, cinnamon; R, turpentine; B, tar oil; P, hydrogen sulphide 
(a saturated water solution of the gas made fresh every day). Dimmick’s 
Table I shows that these 6 stimuli were placed within these respective 
classes with very great consistency ; the percentages of judgments for these 
classes are respectively 94%, 9. 947% 88%, 83%, 88%, and 94%. The 
average maximal percentage for the 76 stimuli is only 56%. 

As comparison stimuli, to be placed with respect to these standards, 
we chose 13 substances which seemed from Dimmick’s table to have a 
high degree of consistency and which should, from the indications of Dim- 
mick’s Table II, have scattered as well over the surface of the prism as 
would be possible. These stimuli, with Dimmick’s classification, are as 
follows: orange oil, FE; ammonium valerate, EP; tonka bean, FS; ethyl 
ether, ER; pyridine (only about 4 cc., since more is choking), PB; carda- 
mom, SR; xylol, RB; coffee, SB; amyl-acetate, FEP; tansy oil, SRB; oil 
of peppermint, FESR; benzol, EPRB; hop flowers, FPSB. Had Dim- 
mick’s classification been final, we should have had an example of every 
one of the possible 9 duplex odors except FP and the equivocal duplex 
odors for opposite corners of a face; and we should also have had one 
triplex odor from each triangular end and one quadruplex odor from each of 
the three square faces. Unfortunately, we did not discover the error in 
Dimmick’s second table until we had proceeded with the experiment. 
Nevertheless the stimuli represent a good scatter. Our Table I shows that 
they can be classified, respectively in the order listed above, fE, EP, FS, 
feR, Pb, eSR, Rb, bS, E, SRb, eSr, PR, PS. 


5Macdonald, op. ¢it., 551. 
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We proceeded as did Macdonald by the method of paired comparisons, 
comparing every one of the 13 comparison stimuli with every paired com- 
bination of the 6 standards. There are 15 possible pairs of standards. The 
stimuli were placed in wide-mouthed bottles covered with paper and were 
presented for dirhinic smelling. The Os handled neither the bottles nor the 
stoppers, and they worked with closed eyes. FE presented first a standard, 
then a comparison stimulus, then a second standard: O was required to 
give a judgment under the following instructions. 

“You will be presented successively with three olfactory stimuli of 
different qualities. You are to state whether the olfactory qualitative 
similarity between the second and third is greater than, equal to, or less 
than the olfactory qualitative similarity between the first and the second. 
You are to make Judgments only on the basis of the olfactory quality of the 
stimuli. Disregard entirely all other criteria, such as intensity, affective 
tone, or cutaneous quality (pressure, pain, warmth, cold, or cutaneous 
qualities described as ‘sticking,’ ‘penetrating,’ ‘stinging,’ etc.). The three 
stimuli will be presented only once. Do not, however, try to force a judg- 
ment, or to guess if you are in doubt or if the task for any other reason 
seems impossible.” 

When the Os failed to make a judgment, E passed to the next presenta- 
tion, but presented later the stimuli for which the failure had occurred. 
The failures were noted usually as due to distraction, and sometimes as 
due to fatigue, but judgments for al! presentations were obtained from all 
Os ultimately. 

There are 195 judgments when 13 comparison stimuli are judged in 
relation to 15 pairs of 6 standard stimuli. The order of presentation was 
the same for all Os in these 195 judgments. When they had completed the 
series, the work was repeated with the order of presentation reversed. 

There were ten Os. Miss R. S. Murphy, Mr. L. R. Frazier, Mr. C- 
Goldthwaite, Mr. W. S. Hulin, Mr. T. Karwoski, and Mr. P. S. Young 
were graduate students of considerable observational training in the Psy- 
chological Laboratory. Miss I. L. Barnum, Miss E. Cronheimer, Miss 
N. N. Granton, and Miss L. Hayward were undergraduates in the Psy- 
chological Laboratory. The total number of judgments upon which this 
study is based is therefore 3900. 


Results 


The results of the experiment are given in Table II. There were 10 Os: 
every stimulus was compared twice with every pair of the standards. 
Thus the judgments in each cell must total 20. A cell shows how often the 
comparison stimulus was judged more like one standard than the other. 

The striking thing about this table is the equivocality of the judgments. 
If the Os had been perfectly consistent, the numbers entered in each cell 
would be o and 20 (except in the case of equal similarity). If the judgments 
were determined simply by ‘“‘chance” the numbers would presumably be 
10 and 10. The nearest approach to univocality is for peppermint com- 
pared with the P and S standards: 19% and 4%. There is one score of 19, 
two of 18, and several of 16. In general, however, the differences are closer 
to “chance” than to perfect consistency. The average maximal score for 
all the cells of the table is 12.9; 7.e., on the average the degree of consistenc 
is about 65%, where 50% is chance. These results are in accord with 
Macdonald’s findings, in spite of the fact that we chose from Dimmick’s 
results stimuli which in Dimmick’s experiment gave the greatest consist- 
ency. In other words, we prejudiced the experiment toward precision and 
failed to find it. It seems, therefore, impossible with the methods available 
at present to get as much precision in the qualitative classification of odors 
as 1s possible, for example, with colors. 
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TaBLeE III 


Position of comparison stimuli within the surface of the prism. The 

columns of coordinates give the best position for each stimulus as deter- 

mined by inspection of data derived from Table II. The figures are per- 

centages of the length of an edge of the prism. The columns at the right 

show the classification of stimuli based on these results and on the experi- 
ments of Henning and of Dimmick 


Coordinates Classification 
Stimulus Horizontal Vert. 
F-E E-P P-F FEP 


S-R R-B B-S SRB 


Dimmick 


Amyl-acetate 
Orange oil 
Tonka bean 
Cardamom 
Ethyl ether 
Tansy oil 
Peppermint 
Hop flowers 
Ammon. val. 
Xylol 
Benzol 
Pyridine 
Coffee 


i 
2. 
4. 
6. 
8. 
9. 

10. 

II. 

12. 

13. 


FESR 


— | 
35 83 Fe sala 
70 85 fE fE E 
30 47 FeSr FS F 
50 60 FESR eSR SR 
57 53 FESR feR ER 
57 47 FESR sRb FESR 
63 50 fEsR eSr FESR 
35 23 {Sr PS FS 
55 65 EPrb EP — 
36 35 eRb Rb RB 
63 33 prB pR RB 
12 58 PB Pb B 
58 18 BS BS BS 
F Fe FE fE E 
Fs Fes FEsr fEr Er 
FS | FeSr | MM | fEsR | ER 
fS fSr feSR esR eR 
NS Sr SR sR R 
Fig. 1 
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Although the presence of such great variability prevents too definite 
conclusions with respect to the qualitative system of odors, we sought to 
go further and to see how well our odors could be made to fit Henning’s 
prismatic theory. Again we prejudiced the procedure in favor of the theory 
We assumed that the odors must lie in the surface of a triangular prism in 
which the three faces are squares. We then placed each odor in this sur- 
face, developed on paper, in the place where the observational results 
would give the least total deviation. We made this placement by inspec- 
tion merely. The mathematics involved in an adjustment by the method 
of least squares is too laborious for the data at hand. Table III gives in 
terms of coordinates the placement thus determined by inspection. The 
first three columns of figures show the face in which the particular odor was 
placed and its horizontal distance from the left hand edge if the corners of 
the face are as indicated at the tops of these columns, i.e., as if the prism 
were viewed standing on its triangular SRB base. The fourth column of 
figures gives the distance that each of the odors was placed above the SRB 
base. There seemed to be no need for placing odors in the triangular ends. 

The character of each odor, as indicated by our results, is given in the 
first column under the heading “classification.” For characterizing the 
odors in this column we resorted to the schema of Fig. 1 for the FESR face, 
and to similar schemata for the other two faces. In the next column is 
Dimmick’s classification as restated in Table I of this Note, and in the 
last column is Henning’s classification. 

An inspection of these last three columns shows that, in the case of 
these 13 stimuli, there is considerable agreement between the three in- 
vestigations. Henning’ s classification was not precise and depends upon 
interpretation of his statements. Between Dimmick and ourselves there is 
generally only a difference of emphasis: Dimmick finds Pb where we find 

B; or, more extremely, Dimmick finds E where we find Fe, or eSR where 
we find FESR. The most extreme differences are for tansy oil, which for 
Dimmick should be sRb and for us is FESR, and hop flowers which for 
Dimmick should be PS and for us is fSr. These two stimuli are placed in 
different faces by the two experiments. 


TABLE IV 
Deviation of theoretical localization (best adjustment within surface of 
triangular prism) from observed localization of comparison stimuli. The 
numbers of the Table are distances expressed in percentages of the line 
connecting the standard (principal) stimuli; see text 


Pairs of Standard Stimuli 


Comparison ——EPRB——- | —-PFBS— 
Stimuli FS FE FR SR ES ER EP EB RB PR PB PF PS BS FB 


Amyl-acetate 29 22 10 310 512 4 2413 7 4 5 
Orange oil tt 3 26 19 14 14 3 


Tonka bean 
Cardamom 
Ethyl ether 
Tansy oil 
Peppermint 
Hop flowers 
Ammon. val. 
Xylol 
Benzol 
Pyridine 
Coffee 


N 


910 319 5 6 267 O10 2 
3 215 10 14 14 22 9 
$933 3 12 
o:6 3 2 3% 

5 I 731 3 24 

5 8 10 I5 30 16 

4 315 8 14 12 
2739 2 8 3 5 
21431 1114 3 


N 


w 
NO IN ON 


COP ON 
NN 


PFBS| EPRB 
Om 
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Table IV shows the agreement of our inspectional a ime ge with the 
prismatic theory. The coordinates of Table III take the length of an edge 
of the prism as equal to 100. Using these units we measured the distance 
of these theoretical placements from every one of the six corners. In 
measuring to corners in a face that was not the face in which the odor in 
question had been placed, we took the shortest linear distance through the 
surface (i.e., the straight line through the prism developed on paper). 
Thus, horizontally, no corner could be more than 150 units away from the 
ideal placement. We now determined in the case of every pair of corners 
the percentage that the distance of the more remote corner from an odor 
was of the sum of this distance and the distance of the less remote corner. 
We also computed from Table II the percentage that the number of judg- 
ments in favor of one standard was of the total number of judgments (20). 
If consistency were perfect these two percentages, a “theoretical’’ and an 
observed percentage, should be the same. 

The procedure may be clearer to the reader if illustrated in a concrete 
case. Amyl-acetate lies in the FESR face, 95% of the length of a side from 
the FS toward the ER edge, and 83% of the length of a side from the SR 
line toward the FE line (Table III). If we compare it with the FS pair of 
standards we find that the distance from the theoretical placement to the 
S corner is 69% of the sum of this distance and the distance to the F 
corner, 7.¢., the theoretical placement is nearer F than S in the ratio 31:69. 
We find, however, from Table II that amyl-acetate was judged 12 times 
more like the S standard than the F, and 8 times more like the F standard 
than the 8; therefore observationally it is more like S than F in the ratio 
60: 40. The observational finding then places the similarity of amyl- 
acetate to F at 40%, whereas the “theoretical” finding (the finding that 
should give the least deviation for all cases) places it at 69. The difference 
between 40 and 69 is 29 and this figure is the value of the deviation of 
observation from theory entered in Table IV.® 


TABLE V 
Averages from Table IV 
Avs. 

for 
Comparison FESR 
Stimuli face 
Amyl-acetate 13. 
Orange oil 6 
Tonka bean 
Cardamom 
Ethyl ether 
Tansy oil 
Peppermint 
Hop flowers 
Ammon. val. 
Xylol 
Benzol 
Pyridine 
Coffee 
Av. of FESR stimuli 


Av. of EPRB stimuli 12 
Av. of PFBS stimuli 13.3 


HOO” 


OW 


Ud 
HA 
NODOWO 


~ 


®This method of computation is not the same as projecting the place- 
ment upon the sides of the square, but seems to accord better with the 
meaning of the figure, for which it is not possible to say, e.g., that S:R::F:E 
in the sense ot qualitative relationships. 


Avs. Avs. 
for for 
PFBS entire 
face figure 
f 
avs. =I1.03 
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Table V gives averages derived from Table IV. The last column shows 
the general averages of the deviations of “theory” from observation for 
every stimulus compared with the 15 pairs of standards. These values 
range from 8.9% to 14.9%, and the average of averages is about 11%. 
One can show mathematically that two points placed independently at 
random upon a limited straight line will on the average be separated from 
one another by a distance equal to of the length of the line. Hence a 
“chance” deviation would give an average of 33, whereas our finding is 11. 
Such a conclusion supplements Macdonald’s finding, namely, that the 
verification of Henning’s prismatic theory can be demonstrated to a degree 
that is represented by a figure between 30% and 40%. 

It occurred to us that we perhaps ought not to expect the same degree 
of precision in comparing odors with very dissimilar standards that we 
might find in comparing them with similar standards. Greater precision 
might be found if the standards included in the face in which the odor had 
been placed were treated separately. The results of such a treatment are 
shown in the italicized numbers at the bottom of Table V. Stimuli in the 
FESR face show an average deviation of “theory” from observation of 
only 7.8 when only F, E, S, and R standards are considered. The cor- 
responding value is 11.9 for the EPRB face and 6 for the PFBS face. 
Nevertheless, when it is remembered that chance deviation should be 33, 
it will be seen that the consistency is still not very high. 

We have therefore to conclude that, even when stimuli which show a 
relatively high degree of consistency in being placed in accordance with 
Henning’s system are used, and when they are placed in the surface of the 
prism in the way to do the least violation to Henning’s system, we are still 
unable to establish the validity of the system with any great degree of 
precision. 

Affective tone 

As an incidental matter we sought to get some indication of the affec- 
tive value of our stimuli. We asked every one of the 10 Os to make ab- 
solute affective judgments upon the 13 comparison stimuli and the 6 stand- 
ards,—19 stimuliin all. They were to assign +2 to the odor if it was “‘very 
pleasant,” +1 if it was “more pleasant than unpleasant,” o if it was “‘in- 
different,” —1 if it was ‘more unpleasant than pleasant,” and —2 if it was 
“very unpleasant.”” The averages for the 10 Os are given in Table VI. 


VI 


Affective values of stimulion an absolute scale of judgment from —2= 
“very unpleasant” to +2= “very pleasant.” Avs. of 10 Os 


FESR face Tonka bean 1. EPRB and Coffee 9 
Orange oil 1. FPSB faces | Xvylol —1.0 
Av. =.7 Cardamom 1. Av.=—.7 Benzol —1.0 
Peppermint 1. Ammon. val. —1.7 
Amyl-acetate 1. 
Tansy oil 
Hop flowers 
Ethyl] ether -1. 
FR and ER Lemon oil 1. 
lines Cinnamon 
Av.=1.1 Jasmine oil 1. 
Turpentine 


Tar oil 
Pyridine 
Hydrog.: 
sulph. 


NOM 


Henning states that the FESR face tends to be pleasant and the PB 
line sappeenes. A critical plane may be passed through the figure some- 


where between the FESR face and the PB line. Table V1 indicates that 
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this relation holds in general. All the odors in the FESR face are pleasant 
except ethyl ether and all the odors in the other two faces are unpleasant 
except coffee. Tansy oil, hop flowers, and turpentine are too near indif- 
ference to give the consistency that one desires; nevertheless, the correlation 
of the affective values of the odors with their position as measured from the 
FESR face toward the PB line is about 75%. We thus are able to verify 
the general tendency, viz., that putrid or burned qualities tend to be un- 
pleasant. 
Conclusions 

Judgments of the qualitative similarity of odors are very variable, and 
it is thus impossible to verify Henning’s qualitative theory with any great 
degree of precision. 

If one assumes that the system of qualitative olfactory mee. is 
properly represented by a regular hollow triangular prism, and if one 
chooses odors that have given a high degree of consistency in their qualita- 
tive relationships to the principal classes represented by this prism, then 
one finds that the internal consistency of the placement of the odors within 
the prism shows the assumption of the prismatic form to be approximately 
but not precisely valid. On the whole, Henning’s prism cannot be said to 
represent a precise classification of olfactory relations; it is rather a tend- 
ency toward a certain set of relations. 

Within the limits set by the variability there is considerable agreement 
between the classification of the odors used in this experiment by Henning, 
by Dimmick, and by the present writer. 

Our experiment accords with Henning’s conclusion that fragrant, 
ethereal, spicy, and resinous odors are usually pleasant, and that putrid 
and burned odors are usually unpleasant. 


MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY 
OF CORNELL UNIVERSITY 


Communicated by E. B. TircHener 


LXX. Lapse or MEANING WITH VISUAL FIXATION 
By V. J. Don and H. P. Wetp 


We report in this paper the results of an experimental study of the lapse 
or falling away of meaning with continuous visual fixation. An investiga- 
tion similar to our own has already been made by Severance and Wash- 
burn.! Their method was, in brief, to ask the O to stare fixedly at a printed 
word for a period of 3 min., and to report changes of meaning which occurred 
in course. We desired, however, to determine the average time required 
for the meaning to lapse, and thus to bring the investigation into accord 
with that of Bassett and Warne, who studied the lapse of verbal meaning 
with auditory repetition.2 We hoped also to determine more fully the 
nature of the attitudes, of the meanings themselves, and of the course of 
the experiences which occur in an experimental situation of this kind. 

Method. We employed a reaction method. The apparatus consisted 
of the tachistoscope’ which, by means of a piano-player 
magnet, was electrically operated in connection with a telegraph key, a 
lip key, and Titchener’s electromagnetic stop-watch control4 The con- 
nections were so arranged that, when the key was pressed, the spring of the 
tachistoscope was released, the word exposed, and the stop watch actuated; 
when the current through the lip key was made, by O’s opening his lips in 
reaction, the watch was stopped. 

As stimuli we employed common and familiar nouns, such as face, pen, 
sign, fish, etc. All were monosyllables. They were typewritten on strips 
of paper, every strip bearing 10 words; 5 of these strips, or 50 words, 
constituted a series; and there were 5 series, making 250 words in all. 
In addition to these there was a preliminary series of 20 words which was 
employed as a practice series. 

The Os were Miss R. Brown (B), Miss D. Johannsen (J), and Professor 
H. P. Weld (W). The two former were members of the senior class, and 
were majoring in psychology. Miss V. Don served as Z. The instructions, 
which were typewritten, and were given to the O at the beginning of every 
experimental period, were as follows: “I shall present to you a familiar 
word. Take this word naively (7. e., passively, uncritically), as it comes. 
Fixate it steadily, and give it maximal attention until its meaning has 
disappeared. At the close of the experiment you will be asked (1) to state 
the meaning that the word had, and (2) to report what happened during 
the experimental interval.” It was our purpose to continue the experi- 
ment until the O’s attitude, as indicated by the average reaction time of a 
series, became fairly constant. For W 3 series were sufficient; for the other 
two Os 5 series were required. 

Results. We give, in Table I., the reaction times and m.v. as determined 
by series for every O. The table shows that, as the experiment progressed, 


1E—. Severance and M. F. Washburn, this JouRNAL, 18, 1907, 182-186. 
2M. F. Bassett and C. J. Warne, ibid., 30, 1919, 415-418. 

’W. F. Dearborn and H. S. Langfeld, Psychol. Rev., 23, 1916, 383. 
4E. B. Titchener, this JouRNAL, 31, 1920, 212. 

’This disposition of the apparatus was made by Dr. H. G. Bishop. 
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TaBLeE I 


Average Reaction Times and m. v. in Seconds 
B J 


9.643.4 14.642.6 

7.241 .3 14.5+42.8 

5.9+1.7 9.1I+1.5 

5.11.4 8.6+1.8 

4.34 .8 8.84 .7 
the average reaction times tended to become shorter until they became 
approximately stable. Although the average times themselves show con- 
siderable variation, the ratios of the longest to the shortest average times 
are similar: W, 1.6; B, 2.2; J, 1.7. The shortest average reaction time of 
W is 3.1; of B, 4.3; and of J, 8.6 sec. 

The quantitative results suggest and our reports show that the attitudes 
of the three Os were not quite the same. Both B and J tended to put suc- 
cessively several meanings, and W only a single meaning, upon the stimulus 
word, before meaning finally lapsed. B’s attitude differed, however, from 
J’s in that the attempt to take the stimulus word ‘passively’, as the in- 
struction required, resulted in a ‘passive’ attention which was contrary to 
the instruction; whereas J, in the effort to give continuously maximal at- 
tention to the stimulus word, repeated the word over and over in verbal- 
motor fashion. B therefore frequently wandered, as in revery, by free 
association from one meaning to another, until the stimulus word itself had 
all but dropped out of consciousness; only when she realized that she was 
not following the instruction as regards attention did the stimulus word 
come back again. J’s verbal-motor repetition, while she steadily fixated 
the word, resulted in a succession of meanings, some of which were derived 
by auditory association. In general, it was not until the verbal-motor pro- 
cess was consciously inhibited that meaning lapsed. J seemed also 
habitually to have rejected the first meaning which came, and which she re- 
ported, as not specific enough. We give as illustrations of the effects of this 
difference in attitude a pair of typical reports. 

B, Series 1c. Train, 13.2 sec. ‘Could see a line of cars going through the 
valley, and I thought of home... .Trains always make me think of home 
....1 realized that I was doing something I shouldn’t, that I was wander- 
ing. Then, as I fixated the word, the t dropped off, andit meant rain. Then 
the word was just there without any meaning, so I reacted right away.” 

J, S. 1a. Pane, 12.0 sec. “I knew that I knew the meaning of it, that ifI 
tried to define it I could. Then I saw a window with four panes. I was 
saying the word all the time, and the sound called up the other spelling 
po. I saw it written out in typed letters, and I was conscious that i 

new the meaning of that. I stopped saying it, and I had to look at it 
quite a while before it fell apart.” 

These two tendencies were maintained throughout the entire experi- 
ment; but as the series progressed the succession of meanings became more 
schematic and quicker, B’s attention better, and J’s verbal-motor repeti- 
tions fewer. 

Types of Meaning. There was also considerable individual variation as 
regards the type of meaning which the Os put upon the stimulus word. In 
73% of all her reactions, B had object meanings, and most of these were the 
first that came. J’s first meaning, in 97% of cases, was ‘I know that I 
could define it;’ but 77% of these were immediately followed by imaged 
objects. W’s first meanings were objects in 45%, familiarity in 34%, and 
attitudinal in 10% of the cases. On the whole, there was a predominance 
of object meanings. In all these cases the object was present in imagery. 
14 of B’s meanings, however, and 7 of J’s, were object meanings in the 
sense of an object present in the experimental room; e. g., B, hair: ‘I could 
see your black hair, and it and the word seemed to be the same thing;’ 
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J, chair: ‘then I became conscious of the chair I was sitting on, and shifted 
my attention to the feel;’ noise: ‘then in some way the word was connected 
with the click of the apparatus.’ Other meanings which occurred occasion- 
ally for all Os were familiarity (‘I know that I know’), word associations, 
and verbal definitions. There was apparently no change in the frequency 
of occurrence of any type of meaning in the course of the investigation. 

Lapse of Meaning. In general it may be said that the lapse of meaning 
takes place instantaneously. O is at one instant conscious of meaning; at 
the next, he finds himself staring at a series of letters, with no other ex- 
perience than either a mere ‘blankness’ or the awareness that the letters 
composing the stimulus word have disintegrated and now appear only as 
single letters or groups of letters.. Frequently the awareness of ‘nonsense- 
syllable,’ of strangeness, or of comicality also occurs; but our results seem 
to indicate that all of these follow upon a change in the appearance of the 
stimulus word, and therefore succeed in time the one or the other of the 
two forms of experience to which our Os reacted as loss of meaning. 

The experience which we have called ‘blankness’ may best be charac- 
terized by the reports themselves. B: “Then it just looked blank, somehow. 
It didn’t look different or queer or anything;’ ‘Then I reacted because there 
wasn’t anything more happening. The word was just there; it didn’t mean 
anything’. J: ‘It seemed as if there was a period when I could recall the 
word if I tried, though the letters had lost their familiarity.’ W: “Then I 
found myself staring at the word, which didn’t seem to mean anything at 
all;’ ‘I wish I could characterize the experience; it is as if I were not at- 
tending, as if the cognitive side of me were directed somewhere else, or as 
if the word were simply there, and I were in arevery. Nevertheless I was 
staring at the word, and I wasn’t thinking about anything else.’ 

A more frequent form of the experience when meaning was gone we 
have characterized as a disintegration of the letters that composed the 
stimulus word. In this case the stimulus word divided or changed in several 
ways. It might become a series of letters which, at times, carried the mean- 
ing of ‘word’ without a more specific meaning; or, at others, meant ‘letters’; 
or, at still others, meant only ‘marks.’ The following are typical reports. 

B, face: ‘Then the word began to look like disconnected letters. They 
didn’t seem actually to separate, but just to stop being a word;’ steak: 
‘Then it was just letters’. J, noun: ‘As the meaning disappeared, the four 
letters stood next each other, but without any connection with each other;’ 
keg: ‘The k and g were not even letters; they were simply marks;’ bog: ‘The 
b and g didn’t seem to be even letters; I had the same sort of feeling I get 
when I see Greek small letters; I know the capitals, but I don’t know the 
little letters.’ W, jail: ‘There was no awareness that the word was “jail;” 
it was rather letters which were not integrated into a word;’ dog: “There was 
no realization that the word I was staring at was the same word that 
“meant” a minute or two ago; nevertheless the thing was still a word in the 
sense of a group of letters which somehow seemed to belong together.’ In 
other cases the stimulus word divided into non-related letters or groups of 
letters, and frequently a letter or a group of letters became more clear or 
insistent than the remaining parts of the word. At times this clearness or 
insistence was accompanied by a change in the quality or relative position 
of the letter or group, in the sense that it was seen as blacker and nearer 
to the O; or that the spaces between the letter or group and the remaining 
parts of the word were larger than they at first appeared; or, finally, that 
certain letters or syllables came forward toward Os Instances from the 
reports are: 


‘Similar results have been reported by G. E. Miiller, Zur Analyse der 
Gedéchtnistatigkeit und des Vorstellungsverlaufes, 3, 1913, 282. See also 
A. J. Schulz, Zeits. f. Psychol., 52, 1919, 285. 
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B, bulb: ‘The | seemed to stand out and grow darker;’ scale: ‘The ‘‘cal’”’ 
seemed to come forward a little bit;’ steel: “The double e sank back, and the 
t and 1 seemed to come out.’ J, wood: ‘Then the word separated in the 
middle; the ‘‘od’”’ and the w and the o didn’t seem connected at all;’ slice: 
‘The letters seemed to fall apart, and the i to stand out in the third dimen- 
sion. It seemed to stand out as though it were on a block or something.’ 
W, friend: ‘Then the “rie” became focal; f and d were less clear;’ pear: 
‘Then it broke into “pe’’ and “‘ar;’”’ there was no auditory component; there 
is actually more space between these groups, 7. e., I can see more space be- 
tween the e and a;’ hay: ‘The “ay” became clear; the h didn’t seem some- 
how to belong to it; this was purely visual;’ brook: ‘Then the double o be- 
came clear; I think maybe r was attached to it; and just as I reacted it be- 
came rook, with the meaning of a bird.’ 

Discussion of Results. It is probable that our reaction times do not 
serve as a measure of the shortest possible interval for the lapse of meaning; 
the smallest unit of our chronoscope was 0.2 sec., and there was an appre- 
ciable interval between the starting of the stop-watch and the appearance 
of the stimulus word. Our times show, however, that the lapse of meaning 
with visual fixation may occur within the period of that of auditory repeti- 
tion. W’s average time for the last series was 3.1 sec., which is approxi- 
mately the final average found by Bassett and Warne, who also employed 
astop-watch. It is possible that with prolonged experimentation B’s times 
might have been further reduced; for although her reports, as has been 
indicated, showed an improvement in the uniformity of attention, we can- 
not be sure that her attitude had become stable. The average times of J 
in the two final series, taken together with her introspective reports, seem 
to show that her attitude had become fixed, and that the recurrence of 
meaning would continue to condition longer reaction times. 

Bassett and Warne remark that in the course of a single experiment 
“there is no shift from a commonsense to a psychological attitude.” With 
this statement we are in complete agreement; in a reaction situation that is 
meaningful and one in which the O is, by implication at least, instructed to 
react as soon as the meaning has disappeared, there is little opportunity for 
a shift to a psychological attitude. ‘te Os were, therefore, unable to re- 


port the content-processes which accompanied the ‘feeling of blankness’ 
and the spatial distribution of the disintegrated letters of the stimulus word. 
The fact that so large a proportion of our meanin, e were visual objects 


is in disagreement both with the results of Basset and Warne, in which the 
meanings were principally ‘familiar feels”, and also with those of Severance 
and Washburn, in which the meanings were, apparently, verbal and came by 
way of auditory association.’ It is true that 34% of W’s meanings were 
‘familiarity’; and it is probable that, had J been satisfied with the first 
meaning that came, her object meanings would have been fewer in number. 
But even so the frequency of object meanings is greater than was to be 
expected. Severance and Washburn report only a single object meaning, 
and they say that “the look of a word probably cannot suggest its meaning 
without the simultaneous presence of auditory-motor images.’® In our 
study auditory associations appeared, on the a only when O repeated 
the stimulus word in verbal-motor fashion, and they are therefore found 
most frequently in the reports of J, who, as we have seen, habitually re- 
peated the stimulus word, presumably as a result of the instruction to keep 
the stimulus maximally clear. We suggest, therefore, that the Os in the 
Severance-Washburn experiment were in a similar way disposed for audi- 
tory associations; and that the auditorily presented stimuli and verbal 
repetitions of the Bassett-Warne investigation were less potent as a con- 


7Op. cit., 417. 
5Op. cit., 185. 
cit., 185. 
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dition of visual object meanings than the visually presented stimuli of our 
Study. We cannot, of course, agree with the statement that ‘the look of a 
word probably cannot suggest its meaning without the simultaneous pres- 
ence of auditory-motor images.” 

The ‘feeling of blankness’ as an experience when meaning has lapsed has 
also been reported by Bassett and Warne. The disintegration of the stimu- 
lus word was the characteristic result for Severance and Washburn. The 
latter also noted the “abnormal prominence of the visual elements in the 
ordinary word,” and they think that “this concentration of attention on a 
single letter was a powerful factor in bringing about the loss of the normal 
sound association [which for them conditions the meaning] of a word, and 
also in destroying its familiar look.’ The loss of ‘familiarity,’ which is 
preceded by the loss of sound-association and followed by a“ bare peri- 
pherally excited sense impression of the marks which normally are letters,” 
is for them a stage in a continuous narrowing of the field of consciousness, 
and suggests a kind of auto-hypnosis. We do not venture an opinion con- 
cerning the hypnotic nature of the loss-of-meaning consciousness, for we do 
not know whether the lapse of meaning is a characteristic of the hypnoidal 
state. But if this should prove to be true, our ‘feeling of blankness’ might 
well be a limiting case. This ‘feeling’ deserves further study; for the 
characterizations which we have of it seem to indicate that not only may 
a familiar meaning drop away and the stimulus become only a word among 
oa or a group of letters, or a series of ‘marks’, but all meaning may also 

apse. 

~—— (1) The meaning of a word may, with continuous visual 
fixation, lapse as quickly as with verbal repetition. (2) With visual fixa- 
tion there is a greater proportion of visual object meanings than has been 
found with verbal repetition. (3) The experience when normal meaning has 
lapsed is either a feeling of blankness in which the stimulus word is devoid 
of all meaning, or a perception of certain elements of the stimulus word 
which have become insistent. 


LXXI. DeLtayep MEANING 
By M. V. Witson and H. P. 


What, in this paper, we call ‘delayed meaning’ has been characterized 
by Titchener as follows: ‘An experience and its meaning may be dis- 
joined in time. We often ask, in conversation, to have a remark repeated; 
we have heard without understanding; but before the speaker has time to 
repeat, we ourselves begin to reply; the meaning has come, but after an 
appreciable interval.”! We have made an experimental study of such 
meanings with regard particularly to the attitude of the O when placed in a 
situation in which delayed meanings frequently occur, and also to the 
general nature of the processes during the interval between the presentation 
of a stimulus word and the accrual of its meaning. 

Method. The one of us who served as E (M. V. W.) speaks a dialect of 
southeastern Texas some words of which are apprehended with difficulty 
by persons unfamiliar with it.2 On the phonetic basis of certain of these 


“Op. cit., 184. They did not regard ‘familiarity’ as a meaning. It 
should be remembered that this paper, published 17 years ago, was a 
pioneer study of meaning. 

1E. B. Titchener, Beginner’s Psychology, 1915, 27. 

*Characteristics of this dialect as spoken by E are the almost complete 
elision of r and | when they occur in the middle of a word; the weak pro- 
nunciation of final d and t; the sound of final r as u in but; and the sound of 
the dipthong ai as similar to o in doll. 
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words, which £ knew, we prepared a list of about 40 familiar words. These 
were, one at a time, verbally presented to O who, by a method of reaction, 
responded when the meaning came. The apparatus consisted of alip key, a 
stop-watch placed in Titchener’s controller, and a telegraph key, connected 
in such fashion that the watch began ticking when E touched the telegraph 
key, and stopped when O released the lip key. The Os were Florence Chane 
(C), Lucy Crawford (Cr), W. T. Ellsworth (El), Dorothy Durling (D), Dr. 
Cora Friedline (F), H. S. Scofield (S), T. V. D. Stern (St), I. C. Wen (Wn), 
and H. P. Weld (W). Fand W were Os of long experience; D and Sc were 
graduate students in Psychology; and the remainder were undergraduate 
students in Cornell University. The typewritten instructions given toevery 
O were as follows: “I shall pronounce a word the meaning of which is 
doubtless familiar to you. As soon as you have the meaning of the word 
say ‘Ah’. In case the meaning does not come at once, wait until it comes or 
until Z stops the experiment. At the close of the experiment we want you 
to give an account of the meaningful experience during the interval be- 
tween the presentation of the stimulus word and the end of the experiment.” 
In asingle experiment E gave a ‘Ready’ signal and O adjusted himself to the 
lip key. Then E gave the signal ‘Now’ and after 1.5 sec. pronounced the 
word and, at the same time, pressed the telegraph key. When O had said 
‘Ah’, # recorded the time and O’s report. 

Results. We performed in all 784 experiments, and delayed meanings 
occurred in 38% and meaning failed in 9% of them. Meanings were re- 
ported as ‘immediate’ in the remaining 53%. Our method was, therefore, 
successful in furnishing a large number of cases of delayed meanings. A 
reaction method was employed primarily to provide an experimental 
situation, and not because we regarded the reaction times themselves as 
significant. We expected that some Os would grasp the meaning more 
quickly than others and we found that, in fact, the individual averages of 
delayed meanings varied between 4 and 14 sec.; but all Os except C, whose 
greatest delay was 6.6 sec., showed individual variations greater than these 
limits. If no meaning occurred within 60 sec., the experiment was arbit- 
rarily stopped; the length of time for which a meaning might under our 
conditions be delayed depended in part upon the persistence of the O, and 
in part upon his auditory memory of the stimulus sound; as a result of the 
fading memory of the stimulus, meanings delayed longer than 15 sec. were, 
as a rule, either incorrect or entirely lacking. 

The task which O under the instruction set himself was either to identify 
the word, or to find a meaningful word whose sound was sufficiently like 
that uttered by EZ. In the first case O tried to recognize the word as familiar; 
in the second he tried to make the sound heard meaningful. The former 
of these two attitudes was characteristic of D, F, W and Wn; the latter of 
C, Cr, S and St. El in the course of the experimentation changed from the 
second to the first. When meaning was reported as coming ‘immediately’ 
there was no awareness of a temporal interval between the perception of 
the sound and the appearance of its meaning; “the sound,” as S put it, 
“seemed to carry its own meaning,” and the difference in attitude did not 
emerge. When, however, meaning was delayed O was definitely aware 
that the sound heard was meaningless, and immediately began a search 
for the meaning. If, under the first attitude, he undertook to identify 
the word, he first repeated the sound as heard; and if this was not a mean- 
ingful word, he either continued to repeat the sound in the “4 that by 
auditory association a meaningful word would ‘come’, or else he uttered 
other sounds like the stimulus and, in auditory imagery, compared every 
one with the remembered sound, until a meaningful word came that he 
felt to be correct. If, however, under the other attitude, he sought to make 
the sound heard meaningful, he produced auditorily or visually familiar 
words whose sound was similar to the stimulus word, and by successive 
comparison selected the one that seemed to have the greatest similarity. 
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With either method O, as the experiment progressed, was aided by his 
acquired knowledge of E’s special mode of pronunciation; and frequently 
after long delay an O who habitually employed the first forsook it for the 
second method. We give as illustrations some typical reports. 

D, iron: “First, auditory memory image of £’s voice; then a visual 
verbal image of ‘ion’ together with image of E’s voice; then a feeling of 
certainty and resolution to speak;” E, park: “I said the sound ‘pahk’ over 
and over; then it came like a flash that it must be ‘park’ pronounced with 
Southern accent;’’ dryad: “Repeated ‘drad’ many times until finally it 
turned into ‘dried’ and that seemed to be correct;” W, bayou: “‘At first I 
got the sound ‘by-o,’ but it had no meaning,—a conscious attitude of 
strangeness. Then, as I repeated the sound, the meaning of ‘bayou’ in 
the sense of an old river bed as employed in the South came; Wn, dial: 
“T heard ‘dow; but it had no meaning. I repeated the sound many times; 
tried to insert an r; but still the sound had no meaning.” 

C, dower: ‘First saw ‘dowl’ in printed letters. Then tried to think of 
other words, and ‘dowl’ faded and returned until ‘dial’ came, also in letters 
flashing in from the side. Could not decide between them;’ Cr, caulk: “I 
debated ‘caulk’ and ‘cork’ and finally decided it was the latter because F 
frequently omits the sound of r;” S, barn: “ ‘bon’ came first, but did not 
mean anything; then ‘bond,’ but I was not satisfied. Next I repeated the 
sound over and over trying to insert anr. Finally, ‘barn’ came;’ St, sour: 
“At first I thought E said ‘sod’; then thought it might have been ‘sallow’. 
The latter came after repeating the sound with variations;” E, wires: “I 
felt at first that it was ‘wires’ but was uncertain. Then thought of ‘wise’. 
I knew it was one of the two, but could not decide between them.” 

It is characteristic of our experiments that, after the delay, meaning 
comes suddenly; it has no growth, no development. The typical experience 


is so striking that the protocols are full of such statements as: “the meaning 
came like a door slamming, something like a shock;” “‘it came in a sudden 
flood,” “like a blow in the face,” ‘as a surprised flash,” ‘a revelation,” 
“like a sky-rocket,” “as a cold spot flashes out,” “like turning on an electric 
light in a dark room and seeing what is there.” There are, however, 
occasional reports of the ‘dawning of spore. f as, for example: ‘“‘the mean- 


ing dawned upon me, but not slowly as real dawn; it was rather like an 
empty spot opening out into words;” “it seemed to float in;” “it drifted in 
like a fast moving cloud.” A study of the reports, together with a more 
explicit account of the experience by some of the Os who had it, seems to 
show that the ‘dawning of meaning’ is an illusory experience. (1) It may 
occur when the meaningless interval is short and, before the meaning comes, 
O is only vaguely aware that the sound (which psychologically is clear) is 
meaningless. Apprehension then seems not only to be slow but also to 
develop. At times the experience is characterized as a gain in distinctness; 
W, for example, says: “‘it is like the experience one sometimes has when 
turning from one conversation to another; the voice attended to becomes 
definitely more clear and at the same time more distinct; the increase in 
distinctness is taken solely to be an increase in meaning.” (2) An increase 
in the intensity of the glow or feeling of familiarity is mistaken for an in- 
crease in the meaning of familiarity. D reports: ‘The feeling of familiarity 
was at first not strong but it became sizable. . . .it was a growing familiarity, 
a feeling that more meaning would come;” and C said: “It was a quick 
dawning like recognizing a face once familiar.” (3) A succession of mean- 
ings which progressively become more specific may seem to be a continuous 
growth of the meaning. It sometimes happened that, when the stimulus 
sound was again and again repeated by O, there came first a vague and then 
suddenly a definite familiarity, or some other definite meaning, which 
seemed to develop from, to grow out of, the first. F, for instance, frequently 
declared: ‘Repetition makes me develop a meaning;” on one occasion 
when the stimulus word was mark, she reported: “Heard it as ‘mahk’ an 


DELAYED MEANING 453 


pronounced the sound over and over until ‘mark’ emerged. I spelled it; 
there was no other kinaesthesis, no imagery; it was a gradual development 
from ‘mahk’ to ‘mark;’” and on another: = meaning came suddenly, 
but I saw it coming before it was clear.” who reported dawning of 
meaning more frequently than any other O, did not react until she saw the 
word in visual imagery. The assemblage of the elements of the word was, 
however, not immediate, and the growth of the visual word was regarded 
as a growth of meaning. When questioned she said that either the word 
was known as familiar before visualization began, or else meaning did not 
come until the last element of the visual word had appeared,—in which 
case the meaning seemed to come suddenly 

The content-processes which occured during the interval of delay were 
exceedingly complex, and since our Os were not definitely instructed to 
describe them, the reports we have are general in nature and confined to 
the practised Os. The recognition of the stimulus word as meaningless is 
regularly characterized as a ‘feeling of strangeness’ or a feeling of uncer- 
tainty, and occasionally as a conscious attitude, ‘a knowing that I did not 
know,’ ‘a feeling of not knowing what it meant.’ The processes which bear 
directly upon the search for the meaning have already been indicated. 
They consist principally in verbal-motor kinaesthesis, and in audito 
imagery which carried the repetition and memory of the stimulus wor 
F frequently employed manual kinaesthesis, and C visual imagery, for the 
former. Since failure to find a meaning was sometimes conditioned upon 
the fading out of the memory of the sound as produced by E£, we are inclined 
to think that in these cases the meaning was carried by the memory after- 
image. Finally, when meaning was long delayed, there appeared a com- 
plex of processes which carried the meaning of effort a of hope or of 
despair at failure. These are only roughly indicated as muscular strains 
localized in the jaws and tongue, or in the muscles of respiration. When the 
meaning came it was accompanied by sudden relief and relaxation. 

Summary. (1) Under the conditions of our Study delayed meaning 
occurred in nearly half of the experiments. If meaning is delayed longer 
than 15 sec., it tends either to be incorrect or to fail completely. (2) The 
appearance of meaning after delay is marked by its suddenness. Cases of 
the ‘dawning of meaning’ in the sense of experienced growth from an 
earlier stage seem to be illusory. (3) The experience during the interval 
of delay is highly complex, and is characterized by a definite awareness of 
‘no meaning,’ by processes which are concerned with the search for the 
meaning, and when the interval is long by effort and states of uncertainty, 
doubt, hope or despair. 
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Arch. f. d. ges. Psychologie. Bd. xliii., Heft 2-4. Arbeiten aus dem psy- 
chologischen Institut der Universitat Bonn. M. CHORN. ‘Experimentelle 
Untersuchungen ueber den Uebergang von unmittelbarem zu dauerndem 
Behalten.’ [Continues and extends the work of Meumann and Moers on 
total and discrete attention in relation to immediate and permanent re- 
tention. (1) There are three types of total attention. The first (a) is 
strongly subjective. The unity formed, and the elements that enter into 
it, are subjective; the subjective processes of attention are revived to touch 
off reproduction; attention is experienced as function, not as content at- 
tended to. In the second (b) these subjective factors make way for the 
objective, sensory factors; the whole experience tends to passivity, though 
it may contain an active moment of synthesis or comprehension. The 
third type (c) is characterised by extreme passivity.—The differences 
between total and discrete attention depend in the last resort on differences 
in disposition for immediate or permanent retention. The discrete type 
(which is rare) is incapable of strictly immediate retention. (2) If the series 
of stimuli is presented two or three times, while the observers are still 
under instruction for immediate retention, we note a shift of attitude. (i) 
Total attention changes in the direction ’of discrete: (a) becomes (b), or 
total becomes half-way discrete (some elements lapse from consciousness) 
or half-way becomes fully discrete. (ii) Discrete attention becomes stl 
more discrete; intercurrent processes that further apprehension and im- 
pression of stimuli (associations, references to self, judgments, abstractive 
apprehension) play an important part. (iii) In some cases, the isolating 
activity of discrete attention is supplemented, at the third presentation, 
by a mechanical tendency to connection (secondary totality). With 
further presentations, this tendency would probably prevail.] J. KasTen- 
HoLz. ‘Untersuchungen zur Psychologie der Zeitauffassung.’ [Reports 
experiments aimed, in the first place, to decide the Meumann-Schumann 
controversy regarding —-. An irrelevant surprise may be due either 
to large differences or to the influence of the preceding observation: it is a 
disturbing factor which has definite effects on the results. Relevant sur- 
prise, in Schumann’s sense, was reported by 8 out of 12 observers with 
empty auditory intervals, and by 10 out of 12 with filled visual intervals; 
its necessary and adequate condition is a renewal of the standard time 
during the time of comparison, with repression of the time of comparison 
itself. There are, in general, four typical attitudes in temporal discrimina- 
tion: (1) the times are taken separately, with either subjective or objective 
estimation; (2) the standard and comparison times are taken as parts of a 
total time, with apprehension either of duration or of succession (auditory) 
and intensity (visual); surprise appears in the subjective form of (1).— 
The negative estimation-difference (overestimation of the time of compari- 
son) is ascribed, by a process of elimination, to enhanced concentration of 
attention upon temporal course during the time of comparison.— Duration 
is probably a derived, succession the primary, temporal experience.] A. 
Prria. ‘Experimentelle Untersuchung ueber Lageemp findung und -auf- 
fassung und ihre Beziehung zur Auffassung der Bewegung.’ |Attempts a 

ualitative and quantitative study of the sensation of position freed from 

e influence of movement. (1) Two positions of the forearm in the kine- 
prota wes are preceded and separated by passive movements to and fro; 
two ocular fixations are similarly prece 4) and separated by prescribed 
voluntary movements. Limens and introspective analyses are obtained; 
but it is possible that the movements had some effect on the results. (2) 
The kinematometer experiments are repeated, with distraction of attention 
(by easy addition) during the two sets of passive movements. Movement 
is not apprehended as such; but the objective movement may still have 
influenced the results. (3) Movement is slowed to imperceptibility over a 
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brief distance before and after the normal position of the arm in the 
kinematometer; is slowly quickened; and then is again slowed to imper- 
ceptibility over a brief distance before the comparative position. The re- 
sults are now decisive; the sensation of position is specific, and does not 
depend on the cooperation of a movement-sensation. We perceive position 
by way of the sensations of the resting arm, whose apprehension is con- 
nected with a spatial (not necessarily visual) localisation of the arm itself. 
The limen obtained by this procedure is the smallest of the three.—Special 
experiments show that the impression of arm-movement depends on the 
apprehension (a) of continuously changing sensations (pressure, strain, 
etc.) and (b) of the moved member as an object in space. The experience 
of movement, like that of position, is unique and independent.] F. Scu- 
mitz. ‘Hemmungen beim unmittelbaren Behalten von Buchstaben und 
sinnlosen Silben.’ [(1) Experiments with specially prepared series of 
consonants show that associative and reproductive inhibitions are effective 
in immediate as they are in mediate retention; their separate effects cannot, 
however, be distinguished Apprehension of the series as a unit lessens the 
inhibitory effect. (2) As the apprehension of a series of meaningless 
syllables proceeds, a progressive inhibition shows itself, due to the pro- 
gressive decrease of available psychophysical energy. The inhibitory 
effect is more marked with total than with discrete attention. (3) The 
fact that progressive inhibition does not persist throughout the series, but 
that the number of errors is reduced for the last member or members, is 
negative proof of regressive inhibition. In the period directly following 
the process of apprehension, the effect of regressive inhibition may, in 
certain circumstances, be clearer than that of progressive; as immediate is 
replaced by mediate retention, however, progressive inhibition gains the 
greater importance. (4) A pause within the series favors the formation 
of complexes. (5) If the time between presentation and reproduction is 
increased from 2 to 5 sec., reproducibility is decreased. If the time is filled 


by some mode of mental activity, the resulting effect of regressive inhibi- 
tion is greater than that of the interval as such.] G. E. MveE ier. 
‘Gesellschaft fiir experimentelle Psychologie. [Notice of the eighth con- 
gress, at Leipzig.) 


Bd. xliv., Heft 1 u. 2. E. Scnuuize. ‘Die Anpassung eines Willensim- 
pulses an eine Verzégerung seines Effektes und ihre Priifung durch die 
Herstellung einer Vergleichszeitstrecke.’ [In the reaction experiment we 
associate an impulse to a perception. We can also associate a perception 
to an impulse: the observer presses a key, and at a fixed brief time there- 
after a hammer falls; a few trials suffice to impress the interval.—The as- 
sociation is utilised as follows. A normal (empty auditory) time is given; 
a pause succeeds; then the first stroke of a comparison time is given. The 
observer is to mark off the comparison time, not when he judges it equal to 
the normal, but when he judges it so far advanced that the addition to it 
of the interval impressed during the association-practice would equate it 
to the normal; the moment of his reaction is recorded. Normal times and 
association-intervals are varied.—The comparison time increases with in- 
crease of the association-interval; with the smaller intervals it is objectively 
too small, for the larger it is in general too large. This departure from the 
ordinary time-sense result (comparison time too small) is probably due to 
the division of the comparison time by the observer’s impulse. The total 
average comparison times (all observers) agree very closely with the normal 
times: this result may be accidental, or may be a group-effect, due to adap- 
tation to the range of variation employed.] R. H. ‘Gréssen- 
schwankungen gestaltfester, urbildverwandter Nachbilder und der Em- 
mertsche Satz (mit Bermerkungen zur Logik der experimental-deskript iven 
Psychologie). ’{Reports a principal series of observations of the tertiary 
positive after-image of a white rectangle, seen parafoveally, and subsidiary 
series planned to answer special questions. Emmert’s law holds: or, at 
any rate, it may be said on the basis of these observations that “‘in general, 
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subjective visual phenomena of determinate form increase and decrease in 
size at least very nearly proportionally to the increase or decrease of their 
distance.”” There are incidental discussions of entoptic and ectoptic 
images; of the tendency of localise at the place of stimulus and of the tend- 
ency to localise some 2 m. away; of peripherogenic and centrogenic factors; 
of prevalence and insistence; of objective and subjective distances; and so 
forth. The account of the experiments is also prefaced and constantly ac- 
companied by discussions of the methodology of an experimentally des- 
criptive psychology. The author emphasizes in particular the need of a 
— systematic study of eidetic images; some of Jaensch’s results may, 

e thinks, be due to the interplay of the opposing principles of perspective 
and of reciprocal perspective (Emmert)s law).] A. Fiscner. ‘Soziologie, 
Sozialwissenschaften, Sozialpsychologie.’ [Pure sociology is a morphology 
of society; it studies the form of society as visible expression of its con- 
stitution, constitution as the law of its form. Genetic sociology examines 
the course and laws of change of society at large (socialness), of societies, 
and of mankind in so far as mankind is able and tends to become a society. 
Applied sociology deals with the alteration of social conditions by voluntary 
action.—It has been said that sociology is nothing more than the sum of 
the social sciences. But these sciences (history included) on the one hand 
take society for granted, and do not investigate the social aspects of their 
subject-matter, while on the other hand they point beyond themselves (as 
when linguistics seeks to account for dialect, or law for martial law) to a 
sociology proper. They are better named ‘cultural’ or ‘mental’ sciences 
than social—The data of sociology are largely psychical, and all have a 
psychical aspect; yet sociology is not psychology, if only because the psy- 
chical is precondition of all forms of society alike, and therefore cannot 
explain their difference. Social psychology in the sense of Vélkerpsychologie 
falls to the ground because it has no subject-matter; there is no Volksseele. 
Hence there is but one psychology; and when this psychology turns its 
attention to social facts and values we shall do better to call it simply 
psychology of society (Sozialpsychologie).| J. Kotuarits. ‘Sprachpsy- 
chologische Notizen. [(1) The adult’s acquisition of a foreign language 
passively, purely by ear, shows many analogies to the child’s acquisition 
of its mother tongue. (2) Polyglots are likely to betray their nationality by 
using their native form of an international word, or by giving such a word in 
its foreign form their native accent. (3) Monoglots tend to overvalue their 
own speech (cf. the admirable clarté claimed by the French for French); 
ot tend to exaggerate the delicacy, the fine shading, of a foreign 
anguage:] E. Czuser. ‘Lineare Ausgleichung und Korrelation.’ [Dis- 
cusses briefly papers by L. J. Reed and C. Gini in Metron; offers a treat- 
ment of the problem, based solely on the method of least squares, which 
brings out the coefficient of correlation in a natural way. The calculation 
of r is not always necessary; and r itself is not easily intelligible, and if 
used unintelligently may work harm. The theory of correlation marks, 
nevertheless, an advance in the mathematical treatment of statistical data; 
the author agrees, so far, with W. M. Persons and C. J. West against H. 
Westergaard.} W. Wirtu. ‘K. Pearsons Angepasste Gerade (Best fitting 
straight line) und die mittlere Regression.’ (in any hypothetical elemen- 
tary analysis of correlation, the errors of observation of Pearson’s con- 
struction must be replaced by the naturally given deviations of the (more 
or less accurate) individ measures from certain mean measures, in 
which the proportionality that finds expression in the total correlation 
table would be brought out in purest form.] Referate. G. E. MuELLER. 
‘Einladung zum achten Kongress fiir experimentelle Psychologie in Leipzig 
vom 17-20 April 1923.’ 


Bd. xliv., Heft 3 u. 4. E. Poscn ‘Umriss einer realistischen Psycholo- 
gie.’ (Outline of a realistic (materialistic, behavioristic) psychology, which 
was published in book-form, 1915, in Hungarian. All substantives are to 
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be banished from psychology, which deals only with activities. The out- 
side world acts upon us in such a way as to drive us from pose to pose, 
from attitude to attitude, from muscle-tension to muscle-tension; and there 
is no other subject-matter for psychology. Intellectual apprehension of all 
kinds is a sum of muscular adjustments; in perception, we act toward the 
object; in ideation (imagination, abstract thinking) we act as if toward the 
object. Attention, feeling (since James-Lange) and will are obviously 
motor functions. Of retention and the faculty of memory we know noth- 
ing; our nervous and muscular systems are so constituted as to produce the 
phenomena. To sense is to transform vibrations into qualities (another 
property of the nervous system) and to be set into movement by these 
qualities; the qualities are, none the less, in the world, and not in us. 
Consciousness, the self, mind disappear; they are, so to say, errors in the 
psychologist’s calculation. The most important distinction within psy- 
chological subject-matter is that of the easy and the difficult; all attitudes, 
postures, muscular adjustments group themselves about these two poles. 
The most hopeful direction of experiment is the study of the psychogalvanic 
reflex.] O. ‘Experimentelle Untersuchungen iiber das Gedacht- 
nis; Reproduktion und Wiedererkennen von optischen Eindriicken.’ 
{Reports experiments by Gotschlich’s method of polyeidoscopy (visual 
exposition of objects of everyday life): the objects were exposed; were 
named after exposure (immediate reproduction); and then the objects not 
recalled were exposed along with other, new objects for recognition. Num- 
ber of objects and time of exposition were varied; for reproduction and re- 
cognition a time of 6 sec. was allowed for every object.—Range of repro- 
duction and recognition increases with the demands made by the experi- 
ment, but tends toward a maximum. Both reproduction and recognition 
improve with increasing time of exposure up to a certain point, beyond 
which reproduction improves, recognition falls off. The greater the number 
of objects, the slower is the course of reproduction and recognition; a large 
number also tends to obscure recognition. There are considerable individual 
differences both in range of reproduction and in range, certainty and cor- 
rectness of recognition.] A. Zink. ‘Die Unterscheidung des Physischen und 
Psychischen nach Robert Reininger.’ [Phenomenological part (the others, 
epistemological and metaphysical, are not here printed) of a critical study 
of Reininger’s Das psychophysische Problem, 1916. According to Rein- 
inger, immediate reality knows neither physical nor psychical siennmnenns 
only the psychophysical is real; every item of reality has its experience- 
side (psychical) and its ideation-side (physical). The difference between 
psychical and physical is that of quantitative difference of the two consti- 
tutive components of reality, experiencing and ideating.—Reininger thus 
stands in relation to the philosophy of immanence, and to the views of 
Mach and Avenarius.}] H. und R. ‘Untersuchungen zu 
dem Weber-Fechnerschen Gesetz und dem Relativititssatz.’ [(1) Logari- 
thmic correlations occur in all sorts of bodily (plant and animal) and menta 
responses to stimulus and phenomena of growth, and occur with a frequency 
that puts other saniekadk omnia of dependency in the shade. (2) The 
facts are summed up in a law of relativity: the measurable relations of 
dependency that appear in the field of bodily and mental processes of re- 
sponse to stimulus and of growth show, over a wide range, a unitary charac- 
ter; a biological magnitude of the kind in question varies with the variable 
in such a way that it rises at first quickly, then much more slowly, to an 
empirical maximum, in the sense of the logarithmic curve. (3) This relati- 
vity has a peculiar importance for the conservation of life; the biologically 
harmful state is attained comparatively slowly, the advantageous corres- 
pondingly quickly.—So far Pauli; Dingler continues the argument. (4) 

ormal consideration of the Weber-Fechner Law shows that in its logari- 


thmic formulation it takes on the simplest functional form; this is attained 
when multiplicative diminution of itself proceeds propor- 


tionally to stimulus. (5) Causal consideration of the Law must explain it 
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by the statistical cooperation of a large number of physical-chemical indi- 
vidual processes; appeal has been made to the law of mass effect, to osmotic- 
electrolytic processes, and to a combination of the two. There have also 
been attempts to treat the process of excitation as a unit, and to find an 
explanation in terms of the distribution or inhibition of excitation; no 
complete theory on these lines has so far been worked out. Indeed, at the 
present time we have no comprehensively satisfactory theory on any basis. 
—Both authors are clear that the interpretation of the Law must be 

hysiological.}] O. Lipmann. ‘Bemerkungen zur Gestalttheorie.’ [(1) Con- 
iaetene are either subjective, 7. e., essentially dependent upon organism 
or subject, or objective, 7. e., such as present themselves ready-made for 
adequate recognition. The Gestalt-theoretiker seem to go too far in their 
assertion of physiological and physical (objective) configurations. (2) 
Psychology need not be exclusively configurational; there is room also for 
a scientifically orientated analytical psychology. (3) Analysis itself is a 
process of configuration; and what we call ‘association’ may be such a pro- 
cess, in which —- of the configurational side allows the elements to 
appear as such.— Degree of intelligence shows itself in the complexity, and 
more especially in the variety and variability, of configuration; but those 
who test intelligence should remember that form of configuration points to 
different types of intelligence.] Literaturbericht: Referate. 


Bd. xlv., Heft 1 u. 2. G. Krocu-Jensen. ‘Der Unterschied im mannli- 
chen und weiblichen Entwicklungstempo und seine Bedeutung fiir die 
moderne Koedukationsfrage.’ [The establishment of coeducation, at any 
rate in secondary schools, has been far more a matter of politics and 
political economy than of pedagogy. The problem of coeducation has been 
discussed under its moral, psychological and physiological aspects, with 
varying thoroughness and with varied result. In fact, physiological con- 


siderations are decisive. For boys and girls develop at different rates; the 
girl is mature in about 18, the boy in 24 years. It follows that the two 
curves of development, which in the mathematical sense are practically 
identical, nowhere coincide; thus, for some years girls are taller and 
heavier than boys; and girls reach puberty two or three years earlier than 
boys. Further, development in the pubertal years is more rapid and brings 
more profound changes in girls; girls are now weaker than boys of the same 
age, and are more subject to illness. And soon. The outcome is that we 
shall have an ideal or perfect coeducation only when boys and girls go to 
the same school, are educated (erzogen) by the same men and women in 
common but not in the same form, and are instructed so far as possible 
separately. Common instruction, as at present practised, is an immense 
non sequitur of modern pedagogy.| J. B.sseen. ‘Zusammengesetzte 
Reaktionen mit Superposition komplexer psychischer Vorginge.’ [Reports 
reaction-experiments involving an immediate succession of psychical pro- 
cesses; the problem is to discover whether these processes are altered b 

conjunction, and thus whether Wundt’s subtractive procedure is justified 
The use of two chronoscopes made it possible to examine: cognition re- 
action, cognition reaction followed by subsumption reaction, cognition- 
subsumption reaction followed by association reaction, and cognition- 
subsumption-association reaction followed by association reaction. The 
subsumption was also, in other series, executed as a process of choice. (1) 
In general, a following process operates to simplify, to abbreviate and to 
compress a foregoing. (2) Cognition begins with meaningless visual per- 
ception and ends with apprehension of meaning; it may be palpable or im- 
palpable. A following subsumption reduces sensory contents and thought- 
relations, and induces a categorical apprehension. (3) In subsumption the 
categories are run through, and set in relation to the cognitive meaning. A 
following association simplifies the process; subsumption fuses with cogni- 
tion; it may either oppose or further association. (4) Association is rich in 
contents, not sharply delimited, often sensorily represented; as a rule, the 
association-word is chosen arbitrarily from a complex. Preceding subsump- 
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tion often determines association; a following association makes it more de- 
finite and more distinct. (5) Quantitatively, preceding processes are 
shortened by following; cognition is least affected. (6) The abbreviation 
may be genuine (elimination of part-processes) or apparent (overlapping of 
total processes). (7) The subtractive procedure is not justified.] H. 
EHRENWALD. ‘Versuche zur Zeitauffassung des Unbewussten.’ [In sleep 
(suggestion to wake after so-many hours) and in hypnosis (terminal sug- 
gestion) subjective time seems in general to accord with objective, though 
some persons may be bradychrone or tachychrone; in the waking life 
estimation of time by way of change of conscious contents is uncertain and 
inaccurate. These results point to a nativistic theory of time-experience 
(Hering, Semon, Mach), as distinct from the ‘time-sense’ of experimental 
psychology. The nature of the organic processes that underlie this ex- 

rience is still undetermined.}] S. Trovet. ‘Der Willensakt bei Wahl- 

andlungen; eine experimentelle Untersuchung.’ [Reports experiments 
with a spring-ergograph. The instruction to exert maximal effort, however 
phrased, does not ensure an act of will; the act proper, as in the reaction 
experiment, precedes the whole experiment. An instruction to choose be- 
tween response and non-response, on the other hand, when three modes of 
response are prescribed (strong, medium, weak), secures—though not with 
all observers—the desired result. The internal voluntary act has five 
phases. (1) The intention to concern oneself in what is to come: this con- 
sists simply in acquiescence in the status of observer. (2) The idea of the 
action to be performed. (3) The motive. This may be a motive in the 
ordinary sense, some affectively toned intellectual complex; or it may be 
a motive in the wider sense, a matter of feeling. Under the second heading 
fall (a) feelings that attach to individual ideas or judgments; these include 
motives in the narrower sense; (b) situational feelings, or feelings which 
represent a reaction to individual situations; and (c) moods. Situational 
feelings are for the most part unpleasant. The interplay of situational 
feelings and moods may act as a substitute-function for the ordinary 
struggle of motives. (4) The choice based on motive. Again, the interplay 
of feelings may act as substitute for choice in the ordinary sense; if, how- 
ever, the consciousness-of-self (in the ethical sense) becomes involved, we 
have a true choice. (5) The decision issuing from the choice. Besides (a) 
the ordinary form of Selaien we may have (b) an interplay of feelings, at 
times cut across by the (ethical) consciousness-of-self as a summation- 
centre of feelings, and (c) a new form of affective decision; mode of re- 
sponse expresses an attitude (Stellungnahme) toward the conditions of 
experimentation.—There are thus two types of voluntary act, the ‘intel- 
lectual’ and the ‘emotional;’ the latter type has fewer phases, is dominated 
by strongly motivating feeling-masses, and is, so to say, all of a piece. ] 


Bd. xlv., Heft 3 u. 4. J. Wirrmann. ‘Ueber das Gedachtnis und den 
Aufbau der Funktionen: eine experimentelle Untersuchung tiber das An- 
und Abklingen der Reproduktionen taktiler, akustischer und optischer 
Eindriicke.’ [We have to distinguish, in psychophysical context, between 
processes of organisation and the resulting functions (ordered courses of 
psychical phenomena). The relation of the two is regarded realistically by 
the Wertheimer school, idealistically by the author; the former posit 
effective forms, the latter takes recourse to physiological processes.—The 
experiments show that eidetic phenomena are observable in the fields of 
touch and hearing, as well as in that of sight. With certain individuals, a 
touch or group of touches recurs spontaneously, more or less frequently, as 
eidetic image, indistinguishable (except, perhaps, as seeming to well up from 
within the body) from the original impression or impressions; and, more 
than this, a present impression may revive older impressions: thus, a single 
touch, after stimulation by 1, 2, 3 and 4 touches, may evoke the repro- 
ductive series 3, 2, 3, 4, 4, 2, 2, 3, 1, 1 (additive reproduction). Similar 
phenomena occur with tones. In both departments, the set of attention is 
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important.—In functional puienstion we must assume a high degree of 
liveliness (Lebendigkeit) and plasticity of nervous occurrence; we must also 
assume, in addition to the direct excitatory processes, a widespread ex- 
citatory process (corresponding to the organising function of attention) 
of the same nature, if not in part identical with them.—Memory is thus a 
conserving and organising function of the nervous system, based on liveli- 
ness and plasticity; the relation of mind to body is neither parallel nor in- 
teractive, but functional, mediated by attention.] P. Astruck. ‘Ueber 

ychische Beeinflussung des vegetativen Nervensystems in der Hypnose: 
1. Hypnotische Beeinflussung der Herztitigkeit und der Atmung.’ [Re- 

rts experiments made with a variety of instruments. (1) In deep (not 
in light) hypnosis the activity of heart and respiration is subject to the in- 
fluence of verbal suggestion. The activity of the diaphragm is changed 
from that of the normal state. (2) Whether the suggestive influence bears 
on heartbeat or respiration, the pulse falls abruptly, z. e., becomes small and 
weak. (3) Under heart-suggestion peculiar forms of heart-beat appear. 
(4) The suggestion of acceleration or retardation of heart brings with it a 
respiratory reaction in the same sense; the converse of this statement as a 
general rule does not hold.} C. M. Gresster. ‘Zur Charakterisierung der 
phanomenalen Raume, insbesondere des Hérraumes.’ [There are many 
phenomenal spaces, inner and outer, which vary in range, duration and 
structure. In their (subjective) structure we may distinguish a general 
spatial qualification (in the last resort, space-feelings of expansion and con- 
traction, realisation of the place of the body in its surroundings) and a 
special qualification (details of the space-feelings, characters of stimuli).— 
Auditory space is discontinuous; it varies in range with intensity of sound 
and degree of attention; in structure it is one of the least uniform spaces. 
Fairly loud, uniform and harmonious sounds enlarge the field of regard and 
favor statisation; louder sounds of the same sort, and irregular and dis- 
harmonious sounds or complexes of noise, narrow the visual field and induce 
astatisation. Loud and irregular noises have a special power to distract us 
from the outer world and so to prevent our adjustment to it; hence the 
conjunction of ear and static apparatus serves a useful biological purpose. } 
E. Strorrrinc. ‘Pneumographische Untersuchungen von Gefiihlszustin- 


den.’ yoy new measures for the evaluation of the respiratory curve: 


especially (a) the quotient upper breadth/lower breadth (the breadths are 
arbitrarily determined) and (2) the absolute upper breadth, an angular 
measure. By these means the author is able Sbjectivel to distinguish 
sensory, dispositional and emotive pleasantness and tee Badr me and 
also to give an unequivocal objective characterisation of anger, which 
(against Stumpf) marks if off from all modes of pleasantness. The regular 
stimuli were tastes; for emotive pleasure and for anger the author employed 
catch-words derived from the observers’ foregone experiences. The anger 
was for the most part an ‘original,’ 7. e., a positively reinstated anger.] C. 
Mernts. ‘Die Anschauungen Meumanns iiber das zustimmende Urteil als 
Faktor der Willenshandlung.’ [Begins with an exposition of Meumann’s 
views from the Intelligenz und Wille, 1913. (1) Meumann’s judgment of 
acceptance really includes two processes: the judgmental determination 
of the purposiveness of an act, and the acceptance of its execution (Zustim- 
mung zur Ausfihrung). Judgment influences voluntary action only medi- 
ately; the direction, control and regulation of the psychical processes that 
in such action connect with a judgment of acceptance are to be ascribed to 
the acceptance-of-execution. (2) Meumann’s confusion led him to miss 
the fact that not every act of will need be preceded by a judgment of ac- 
ceptance. (3) The same confusion accounts for his vacillation as regards 
instinctive actions.] Literaturbericht: Referate. [‘Reflexologie und Psy- 
chologie,’ by F. Schneersohn.] Mitteilung. [Wurzburg Congress of Applied 
Psychology.] W. Wirth. ‘Aenderung des Archiv-Verlages.’ 
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Bd. xlvi., Heft 1 u. 2. Festschrift zu Ehren des 70. Geburtstages von 
Prof. Dr. Goetz Martius: I. Teil. E. R. Jamnscn und W. ScHoEenHeEInz. 
‘Einige allgemeinere Fragen der Wahrnehmungslehre, erlautert am Prob- 
lem ot Sehgrésse: nach Untersuchungen iiber Mikropsie beim Rollett- 
schen Konvergenzplattenversuch.’ [Reports experiments undertaken to 
determine the relation between the micropsy induced by Rollett’s plates 
and the Aubert-Foerster phenomenon (with constant visual angle, small 
near objects are recognised over a larger area of the retina thom lente dis- 
tant objects.) The results of the experiments with Rollett’s plates may be 
summed up in the statement that micropsy increases with increasing com- 
plexity of the object. The results of the second set of experiments (Rollett’s 
plates set to give strong convergence with ready fusion of the half-images in 
Hering’s haploscope) show that extension of the field of vision is greater, 
the more complicated the background. There is thus a parallelism of the 
two phenomena in question; special experiments fail to reveal whether the 
change of apparent magnitude is the condition of the attentional attitude 
(which, according to Jaensch, underlies the Aubert-Foerster phenomenon), 
or conversely.—Eidetic considerations suggest that, in certain circumstances, 
simple objects of perception may approximate the behavior of ideas (high 
invariance); here is the explanation of the experiments on micropsy.] 
F. Kaurrmann. ‘Zur Theorie des Mythos.’ [Myths are ‘‘those linguistic 
creations of the imagination which take their origin in the ideas of a religious 
faith, which are dedicated to the secular life of society, which are independ- 
ent of the symbolic actions of cult and of the didactics or magic of sentential 
poetry, and which belong to a purely narrative poetry.”] T. Nissen. 
‘Die Physiologie und Psychologie der Furcht in der Ilias.’ [We cannot, in 
the Iliad, separate physiological from psychological, or human from animal 
psychology. The paper takes up in order: terminology; the seat of the 
emotion; animal fear; the physiological concomitant phenomena (cold 


shiver, trembling, heart-beat and chattering of a paralysis, uncertainty 


of regard, the dropping of objects, ducking, flight); descriptions of the total 
course of the emotion; fear for oneself and fear for others; the causes of 
M. ‘Kritische Untersuchungen zum Rasengang 
(ganga undir jardarmen) der Islandersagas.’ [Recourse was had to the 
ordeal of ‘passage under the turf strip (or strips)’ in three cases: the under- 
taking of blood-brotherhood, the invoking of a judgment of God, and the 
expiation of serious trespass against honor. It has been argued (K. Maurer, 
E. Mayer) that the common element in all instances is the taking of an 
oath. That position, however, cannot be maintained; it is highly probable, 
on the contrary, that the usage arose in one of the three cases and was from 
that transferred to the others; certainly, its intervention in the rite of blood- 
brotherhood is late and secondary.] W. Wirtu. ‘Bedeutung und Giiltigkeit 
des Fechner-Helmholtzschen Satzes iiber negative Nachbilder.’ [Recurs, 
for the most part controversially, to the author’s study in Philos. Stud., 16, 
17, 18. Helmholtz had laid it down that the intensity of the sensation 
aroused over a fatigued area of the retina is a function of the intensity of 
the reacting light; Wirth, bringing this statement into relation to Fechner’s 
parallel law, named it the Fechner-Helmholtz Law. He now shows that 
the law is independent of Helmholtz’ theory of fatigue; that it may be 
given a psychophysically indifferent formulation; that he had never con- 
sidered its validity to be more than approximate; and that he had from the 
first taken account of deviation from it (‘Hering’s deviation’). In its ap- 
proximate form, it holds both for light and for color.] 


Bd. xlvi., Heft 3 u. 4. Martius-Festschrift, II. Teil. J. Wrrrmann. 
‘Widmung.’ W. Antmann. ‘Zur Analysis des optischen Vorstellungslebens: 
ein Beitrag zur Blindenpsychologie.’ [The writer was blinded in 1916 by a 
shot which severed both optic nerves; the present paper occupied him dur- 
ing the year 1922. (1) Orientation, unless some affective interest is in 
play, reduces to the necessary minimum; 7. é., it is in principle a matter of 

nowledge (wissensmdssig) only. (2) Instructionless visual realisation of 
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present surroundings is rare; when it occurs, it is fragmentary, transient, 
spatially inadequate. Visual recall of past situations, affectively or at- 
tentively experienced, is common; since the experiences were often non- 
visual, the visual reproduction is here formative or constitutive. (3) Visual 
complexes are of two types. They may be tridimensional, plastic, colorful, 
bathed in a warm light; they then constitute an organic whole. Or they 
may be mathematicised, superficial outline drawings; the plane of their 
projection divides into sections; the colors are dull and impersonal; the sur- 
rounding light is pale and sombre. (4) The space within or against which 
these complexes appear is not the intrinsic retinal grey; it is a dark cavity, 
like a stage bounded by curved lines, concave to the observer. (5) The 
perspective or plastic complexes may be built up from a bare qualitative 
datum, or may appear practically ready-made; the superficial outlines are 
added one to another in time. Here the shifting of observational regard is 
important; the author notes the difficulty of tracing by movement of regard 
distances in the third dimension. (6) The consciousness of reality arises 
(a) with the ‘placing’ of perceptive experiences; until the fulfilment of 
orientation takes place, the experiences are simply ‘there,’ not yet real. It 
may also occur (b) during intensive ideation of (real or imaginary) data of 
a present surroundings in their spatial relation to the thinker’s own spatial 
position.} K. Graf von Ditrcknerm. ‘Erlebensformen: Ansatz zu einer 
analytischen Situationspsychologie; ein Beitrag zur Psychologie des Erle- 
bens.’ [In every moment of experiencing, a determinate objective and a 
determinate non-objective are conjoined; their conjunction gives a situa- 
tion. Sequences of situations that connect into units are experiences. 
Every total experience has content and form; we are here concerned with 
the analysis of typical forms. There are two fundamental forms of ex- 
periencing, according as an affective relation of non-objective (experiencer) 


to objective is or is not given: we term them directed and undirected, and 
we deal here only with the directed. This, in turn, may be either conative 
(zielstrebensbestimmt) or non-conative: in the former case, the objective is 
something to change, and the reactions are both passive and active; in 
the latter, the objective is something to be ‘taken’ in some way, and the 
reactions are passive. Conative er ce | in regard to its objective may 


be either experience of action or experience of wish; non-conative experienc- 
ing may be either contemplative (synthetic) or analytic.—Characteristic of 
passive reactions are pleasantness-unpleasantness and yes-no reactions; of 
active, expressive and impressive actions. Judgment is a special reaction 
of analytic experiencing. All forms of experiencing may include, along 
with pleasantness-unpleasantness, expressive movements, movements that 
refer to the objective, and yes-no reactions; all three reactions, however, 
differ in nature with difference of form of experiencing.—So far we have 
been describing; we now turn to theory. The determinate course of an 
experience may be referred to an initial set of apprehension. The deter- 
minate course of a reaction points to “reactive connections, stored in 
memory, which in certain circumstances may attain to reproduction;”’ 
such reactive connections the author terms, with Martius and Wittmann, 
‘functions’. Finally, adequate reaction to a novel situation depends upon 
the apprehension of the situation in its specificity; with this apprehension, 
pet conditions of reproduction are given.] B. PereRMANN. ‘Ueber die 
Bedeutung der Auffassungsbedingungen fiir die Tiefen- und Raumwahrneh- 
mung; eine experimentelle Untersuchung.’ [Reports experiments, made 
with discs or groups of discs, seen by transmitted or reflected light, variously 
disposed in objective space, under conditions which ruled out empirical 
motives to localisation. (1) Monocular observation. Every visual object is 
seen at a qualitatively definite distance. The grouping of visual objects in 
visual space (which shows marked differentiation in the third dimension) 
does not correspond with the grouping of their stimuli; it is, nevertheless, 
dependent on ascertainable conditions. Voluntary control of attentive 
regard is of determining influence. Uniform observation of different ob- 
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jects brings them into the same plane. Spontaneous collective apprehen- 
sion is fundamental for the configuration of a tridimensional distr+bution; 
it brings the individual object and the total space into a relation of reciprocal 
conditioning. The objective depth-motives for a group of discs are bright- 
ness, size, brightness and size, geometrical form; throughout, the arrange- 
ment of stimuli influences apprehension and only thus, indirectly, the 
arrangement in depth. Hence a grouping conditioned on objective depth- 
motives can nearly always be deranged by voluntary control of observa- 
tion; their operation is also subject to the influence of collective apprehen- 
sion.—Brightness also affects apparent size; of two discs of the same visual 
angle, the brighter appears the larger. The dual influence of brightness 
renders the law of visual angle invalid. Visual magnitude is qualitatively 
given, even if there is no clear localisation of the object. (2) Binocular 
observation. The conditions of apprehension are again constitutive of 
depth-distribution. If the stimuli are objectively equidistant, voluntary 
shift of regard gives the impression of seeing-into-distance; voluntary 
fixation of one object brings it nearer, unless the object is brought into re- 
lation to its background. Further, the brighter object is the nearer; with 
increase of brightness the object moves toward the observer. Lastly, 
collective apprehension brings object and total space into reciprocal con- 
ditioning.—Brightness, as before, affects apparent size. The dual influence 
of brightness sets limits to the law of visual angle. (3) It follows that a 
psychology of visual space must consider binocular and monocular results 
together.} K. Marse. ‘Kongress-Vertagung.’ [Postponement of Wiirz- 
burg meeting. } 

Bd. xlvii., Heft 1 u. 2. F. Krzsow. ‘Zur Frage nach der Giltigkeit des 
Weberschen Gesetzes im Gebiete der a nach Versuchen 
von cand. sci. nat. A. Gatti.’ [Summarizes the results of experiments by 
A. Gatti (Arch. ital. di Psicol., 1923) on the stimulation of sparsely scattered 


hair-spots on the fore-arm. Concludes (against K. Hansen and M. von 
Frey) that Weber’s Law holds, with a relative DL of about 1/7, for a 
range of stimuli from 3 to 6 or 7 g/mm, and that the judgments are made 
on the basis of intensive, not extensive, stimulus-change.] H. MEvEr. 
‘Experimentelle Beitrige zur Lehre vom Wortgedichtnis nach der Methode 
ps Polyeidoskopie.’ [Reports experiments on immediate and permanent 


(30 min. to > he wks.) memory of series of monosyllabic words of concrete 
meaning, auditorily presented once only to children of both sexes (11 and 
12 years) and to uneducated adults. (1) Increase of the difficulty of the 
task (5 to 30 words) brings about absolute improvement in reproductive 
performance. (2) Continued effort of memory induces fatigue which im- 
pairs reproductive performance. (3) Pauses may have a favorable (long 
midday pause) of unfavorable (brief and unsurpervised pausesin instruction) 
influence on memory. (4) The temporal curve of retention at first falls 
sharply, may then rise again or remain at a constant level, and finally falls; 
it thus differs from the curve for visual impressions, which first falls, then 
rises to a point higher than that of initial performance, and thereafter 
remains at a constant level. (5) Auditory impressions are strengthened by 
repeated reproductions; the closer the first reproduction follows on ex- 
position, the better is retention.] B. Kioprer. ‘Das Problem der seelis- 
chen Hemmungen.’ [A study, in the interest of education, of the concept 
of inhibition as it appears in current psychology. We have in fact three 
concepts: that of be ar psychology, aid agrees in part with that of 
psychoanalysis (canphasises subjective activity and the effectiveness of an 
individual ego; is markedly tele aie. that of experimental and especially 
of associational psychology (seeks an objectively demonstrable effect, due 
to the operation of stimulus; explains causally), and the intermediate con- 
cept of phenomenology and statistics. (1) In experimental psychology we 
find two lines of work, according as the effect of the interfering stimuli is 
considered to be direct (Heymans, Ranschburg, Aall, Grinbaum) or con- 
ditional (Miiller and Pilzecker, Ach, etc.). These lines show a progressive 
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tendency to converge upon a subjectivistic interpretation. (3) Phenomeno- 
logically we may distinguish centripetal and centrifugal inhibitions, the 
latter of which has a negative and a positive sub-form: we thus get a tempor- 
ary block or disturbance (experimental psychology), a. suppression or 
passive resistance (psychoanalysis), and an active resistance or act of 
inhibition (Ach). In their primitive form, attention and inhibition form an 
undifferentiated unity; in their development as activities the two diverge, 
thought heir functional interaction is close. Inhibition is also closely re- 
lated to emotion. (3) Psychoanalysis operates with the concept of sup- 
pression (Verdrdngung). Its tendency, despite associative terminology, 
runs through personalism to a superpersonal metaphysics. (4) The writer 
accepts the theory of inhibition put forward by Stern in Die menschliche 
Persénlichkeit. Centripetal inhibition guarantees the integrity of the in- 
dividual organism over against the outside world; centrifugal inhibition is 
of prime importance for the transition to the higher forms of organisation 
of human existence.] M. Honecxer. ‘Komik und Einstellung; ein Beitrag 
zur Lehre von den Bedingungen des komischen Erlebnisses.’ [By predis- 
position (Hinstellung) the writer understands the sum of beliefs or assump- 
tions (Meinungen), conditioned on a given phenomenon or on anticipatory 
expectation, regarding the further or future experienceable characters of 
the given or coming phenomenon. An impression of the comic may arise 
if some (disinterestedly observed) object disappoints a predisposition 
(whether originating in expectation or in apprehension) in a way that is 
significant for the object’s meaning (but that does not disturb any import- 
ant interest of the experiencer). This formula improves and fulfils that of 
Lipps.] M.1I.Gurmann. ‘Ueber Augenbewegungen der Neugeborenen und 
ihre theoretische Bedeutung.’ [Infants in the first month may like, dislike, 
or be indifferent to a light-stimulus. A reflex pupillary reaction is ob- 
servable in all children at birth. A few infants are able, in the first days 
of their life, to fixate a bright object and to use their eye-muscles in co- 
ordination; most acquire this ability later. In general, the correct use of 
the eye-muscles is ‘learned’, like that of other bodily muscles.—These re- 
sults agree with the anatomical facts (Flechsig).] E. Bernen. ‘ “Die reine 
Logik” von Friedrich Albert Lange.’ [ Abstract, with running commentary, 
of a ‘Pure Logic,’ which Lange began in 1855 and left incomplete. The 
work may be regarded as a confirmation of a theory (of mathematical 
thinking) by practice.] R. Naaet. ‘Die Kontrolle der Konstanz einer 
Seteneebaumalh Helligkeitsvergleichung, insbesondere an der Hand des 


Korrespondenzsatzes fiir Aequivalenzwerte.’ [Reports experiments on the 
determination of the brightness-equivalepce (method of constant stimulus- 
differences; complete series) of red (pigment-color of full saturation and 
moderate intensity) and gre , So planned as to admit of test by Wirth’s law 


of correspondence, which declares that, if the true equivalence-value A 
of the first experimental arrangement is introduced as normal stimulus R 
of a second experimental arrangement, then (other things equal) the 
equivalence-value B of the second a arrangement must coincide 
with the normal stimulus N of the first experimental arrangement.—The 
writer insists that, in all heterochromatic photometry, the observers must 
be trained to judge directly in terms of brightness, as a relatively independ- 
ent character, apprehensible by abstraction, of all color sensations. £- 
feld’s Einstellungen are Fehleinstellungen, that bring with them more or less 
constant or individual errors of comparison.—Systematic preliminary ex- 
periments (four observers), undertaken to determine the approximate 
position of the equivalence-values and the zone of uncertainty, showed that 
the task set was not too difficult; the observers learned, with practice, to 
judge consistently as they were instructed. The following principal ex- 
periments (two observers) led to the conclusion that “the law of corres- 
pondence is fulfilled within the limits of accuracy, so that no systematic 
error in the determination of brightness-equivalents can be deduced from 
the deviations.’’] Literaturbericht: Referate. 


NOTES 


An ANCIENT RECORD OF RIGHTHANDEDNESS 


In the course of an article by G. G. MacCurdy on The Field of Palaeolit- 
aic Art (American Anthropologist, 26, no. 1, 1924) there are some interesting 
observations on the righthandedness of prehistoric man. The caves of the 
Pyrenees, which are rich with the art-work of their Palaeolithic inhabitants, 
show many impressions of the human hand. One hand was pressed against 
the cavern wall, while the other applied a colored powder over the wall so 
as to leave a negative imprint when the hand was removed. MacCurdy 
observes that such imprints are usually of the left hand, and thus indicate 
righthandedness on the part of the artist. This conclusion is borne out by 
the results of another method, namely, that of stamping hands. After the 
palm was dampened, it was covered with dry powdered paint and applied 
to the wall of the cave. The impressions are generally of the right hand. 


Although these observations may add nothing to the solution of the 
problem of dextral predominance, they call attention to a very ancient 
record of its existence, since this mural art belongs to the Aurignacian 
Epoch of the Palaeolithic period, approximately 25,000 years old. Further- 
more, they afford a splendid instance of securing data on a personal trait 
such as motor habit from archaeological remains. 

Erna GUNTHER 

University of Washington, Seattle 


Tue New Princeton LABORATORY 


On Jan. 9th was laid the corner stone of the new psychological labora- 
tory of Princeton University. The laboratory has been named Eno Hall, 
in honor of the principal donor, Mr. H. L. Eno, a research member of the 
psychological department. The building, of Gothic style, is to be 128 ft. 
long and 36 ft. deep, with two bays on either side. It will contain 38 rooms, 
beside lavatories, closets and storage space: two lecture rooms, a library 
and seminary room, five undergraduate laboratory rooms, seven graduate 
research rooms, six offices or preceptorial rooms, three editorial rooms, a 
large studio, three dark rooms, a sound-proof room, three animal-research 
rooms, a machine shop, a mechanic’s room, three apparatus rooms, and a 
general storage room. The research rooms, offices and preceptorial rooms 
are to be of substantially the same size and pattern, so that they may be 
used interchangeably. 


The first director of the laboratory will be Professor H. S. Langfeld, 
hitherto associate professor of psychology at Harvard University. It is 
hoped that the building may be ready for occupancy at the beginning of 
the academic year 1924-25. 


Eno Hall is, I believe, the first independent building especially designed 
for psychology to be erected on the American continent. So far as I 
know—though I am hazy about Japan—it is the second building of its 
kind in the world; the first independent laboratory was that built at 
Moscow, some fifteen years ago, for Professor G. Tschelpanow. It would 
be interesting to know what has happened to this building in the present 
Leningrad; letters addressed to Professor Tschelpanow have failed to bring 


a reply. 
B.. 3. TF. 
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A Norte ReaGarbinG RETROACTIVE INHIBITION AFTER A TWENTY-MINUTE 
INTERVAL 


E. 8S. Robinson! reports that retroactive inhibition is equally effective 
when the interval between the learning of one group of three-place numbers 
and another group varies up to 20 min. Five subjects each performed the 
experiment seven times. A group of 27 students in the writer’s laboratory 
course in psychology find less retroactive inhibition on the average after a 
20-min. interval than when the interval is 9 sec. 

The procedure of the experment is divided into four parts. In part A 
the subject learns a pack of 10 nonsense syllables in the following manner. 
The pack is laid before him with a blank card on top. At intervals of 3 
sec., indicated by an automatic bell-signal, he turns over a card and studies 
the syllables thus disclosed. At the conclusion of the trial of 10 syllables, 
three signals or 9 sec. are allowed to pass, and the series is repeated. Be- 
ginning with the second trial, the subject attempts to anticipate the next 
syllable as each is disclosed. These trials are continued up to the first 
errorless series of anticipations. After the usual 9 sec. interval the subject 
turns to a new set of syllables and learns these to the first errorless series, 
keeping track of the number of trials required. After the 9 sec. interval 
following the errorless series he returns to the first pack and retests himself. 

In part B of the experiment, which follows after 15 min., he learns a 
third pack. At the conclusion of this learning he allows an interval exactly 
equal to the time required to learn the second pack in A, which can easily 
be calculated from the number of trials required to learn pack 2. At the end 
of this interval he retests himself on pack 3. He thus has a measure of 
retention with intervening learning and (B) without intervening learning. 

Part C is a repetition of part A with the exception that 20 min. are 
allowed between the first pack (4) and the second (5). In part D the pro- 
cedure of part B is followed with the newly calculated interval correspond- 
ing to the learning-time for pack 5 plus the 20 min. inserted between pack 
4 and pack 5. 

The effect of retroactive inhibition would be the reduction of the amount 


retained of pack 1 as compared with the retention of pack 3, because of 
the intervening practice with pack 2 in the case of the former. According 
to Robinson’s findings, the same degree of effect should obtain for pack 4 
as compared with pack 6 which was used in D. The following results, 
however, were obtained by the 27 subjects: 


Number of syllables correctly anticipated 
A B Cc D 
Retest pack 1 Retest pack3 Retest pack 4 Retest pack 6 


Mean 3.4 7.4 3.8 6.5 
8S. D. 1.71 1.43 2.14 1.69 


The effect of retroactive inhibition is quite clear in the score for pack 1 
compared with pack 3. Retroactive inhibition also appears when pack 4 
is compared wit ck 6. But in the latter case the effect is not as pro- 
nounced. Not only is the score higher for 4 than for 1, but the longer 
period used in C and D before reproduction was called for results in a de- 
crease in retention of pack 6 when compared with retention of pack 3— 
entirely offsetting any practice effects gained in learning nonsense syllables 
—whereas pack 4 not only does not suffer corresponding decrease but shows 
an actual gain. 

Study of the individual results shows that, in at least half of the cases, 
retroactive inhibition appears to diminish when the 20 min. interval is 
used. Although the differences between the means of A and C and of B 


1Psychological Monographs, 28, 6, 1920, 36-40. 
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and D are 1.1 P.E. diff. A—C and 3.1 P.E. diff. B—D respectively, the 
results obtained make it evident that the interval of 20 min. may reduce 
the retroactive effect upon the retention of the original material, and indi- 
cate the desirability of further investigation upon this question. 


Yale University By Liewe.iyn T. 


Facts AND THEORY IN AUDITORY ANALYSIS 


Analyses of tonal sensations are usually made upon the basis of ex- 
perimental observation, phenomenological observation or ability to explain 
the facts of auditory combination. Ortmann! has given us an analysis on 
a new basis, ability to explain the feeling-tone of the sensations and, in- 
directly, musical appreciation. The novelty of this analysis challenges the 
critical reader to a questioning of its basis, its procedure and its adequacy. 

To summarize this analysis, we may note that but one primary attribute 
of tones is postulated, extensity. This attribute is not identified with the 
volumic aspect of tones, which is placed elsewhere in the system, but with 
extensity of the tectorial membrane set into vibration. Moreover, the 
primary attribute of extensity is manifested in three forms: transtensity 
(pitch), intensity, and protensity (duration). The quality of a tone is a 
secondary attribute which depends upon the relative values of the three 
forms of the primary attribute. By quality is meant such characteristics 
as flatness, sharpness, volume, depth, breadth, vagueness, clearness, etc. 
Finally, there are tertiary attributes which are in no sense inherent in the 
tone but are the result of associations through contiguity and through 
similarity. The tertiary attributes include such characteristics as bright- 
ness, hardness, height (as applied to pitch) and the near-high, far-low as- 
sociations. 

Is this description of tonal characteristics adequate to the purpose for 
which it was conceived? Its author is able to state in the terms which he 
develops the conditions funder which a tone is pleasant or unpleasant, 
although he gives no experimental verification of those conditions. To this 
extent it answers his purpose. But it does not appear to lead to any 
satisfactory explanation of musical appreciation for the reason that, as 
Ortmann admits,? a large part of musical appreciation is non-auditory in 
character. 

We may next raise the question whether it is a legitimate scientific pro- 
cedure to base an analytic description of a portion of experience upon its 
adequacy to explain further facts. Such a description must necessarily be 
theory, not fact. But the purpose of a theory is to fill those gaps in our 
knowledge where facts are lacking. Today, however, we have a vast array 
of facts concerning auditory sensations. Since the facts are known, is 
a description based upon explanatory value and ignoring fact more than 
hypothetical (even though it be a useful hypothesis)? 

We find a still more startling anomaly in Ortmann’s analysis of tone. 
Not only is it a theoretical description of known phenomena, but in ad- 
dition it is a psychological description built out of a physiological theory—a 
reversal of the usual procedure. We have in psychology many physiological 
theories, examples of which are the theories of vision and of audition. 
Their purpose is to explain psychological phenomena in physiological terms, 
and their value is measured by the number of psychological facts that they 
are able to explain. But Ortmann follows the opposite procedure. Assum- 
ing that the extensity theory as applied to the tectorial membrane is an 
adequate description of the Sheutaiany of hearing, he proceeds to build up 


‘0. Ortmann, The Sensorial Basis of Music Appreciation, Jour. of 
Comp. Psychol., 2, 1922, 227ff. 
*Tbid., 255. 
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an account of the very psychological facts which that theory should explain. 
His account is thus doubly insecure, for the extensity theory is far from 
adequate, especially as applied to the tectorial membrane. It cannot ex- 
plain more than a minority of the known facts of tonal hearing, nor does 
it compare favorably with other theories as regards explanatory value. 

If, on the other hand, we question the adequacy of Ortmann’s descrip- 
tion to the known facts of hearing, we see that the attributes which it 
postulates are not in accord with those found by observation. The pri- 
mary attribute of extensity is not identified with the extensive attribute of 
tonal experience (volume), but with the highly theoretical concept of ex- 
tent of tectorial membrane set into vibration. Moreover, the character- 
istic similarity of octaves (tonality) is not included in the description. 
While the attributive status of tonality is not as yet fixed, a sufficient 
number of observations have accumulated to demand that this charac- 
teristic be taken into account in any systematic description of tones. 

It is evident, then, that in the field of hearing, as in any other field of 
psychology, a systematic description of mental phenomena is adequate 
and valuable only when it starts with observed fact. An account built 
upon a foundation of questionable physiological theory cannot satis- 
factorily describe psychological phenomena. 

J. 

University of Pittsburgh 


STUDIES FROM THE Cracow LABORATORY 


We are glad to note the publication, by Professor W. Heinrich, of a 
volume (391 pp.) entitled Travaux du laboratoire de psychologie exzéri- 
mentale de l’ Université de Cracovie. After a general paper on Le probleme 
de la méthode, by W. Heinrich, the contents of the volume fall into three 
divisions. I. Investigations of the psychology of space: W. Heinrich, Le 
probleme psychologique de l’espace; I. Zajac, La localisation en rrofondeur des 
tmages doubles; M. Boniecka, Les courbes de repére de la vision moncculaire 
dans la lumizre homogéne; II. Investigations of the psychology of attention: 
W. Heinrich, Les problémes; W. Heinrich Sur la fonction de la membrane du 
tympan (previously published in the Bulletin of the Cracow Academy); 
M. Falski, Recherches sur l’acte de lecture (abridgement, by Heinrich, of a 
doctorate thesis); C. Sobolewska, Recherches sur les rarzorts ertre la 
perception et la reproduction des images (abridgement of a doctorate thesis); 
C. Bankowska, Note sur l’acuité de la perception visuelle dans la vision 
peripherique; III. Plethysmographical studies: H. Trzcinska, Le travail 
mental et la courbe plétysmographique. 


